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TECHNICAL TERMS AND DEFINITIONS 
Definition of the standard technical terms defined and used by national and global 
organizations like Central Electricity Authority; North American Electric Reliability 
Corporation and World Energy Council is reproduced below. 
One Unit of electricity refers to one Kilowatt of power generated for one hour i.e. 1 
kWh. In power generation scenario it is expressed in bigger units. like Million Units 
(MU) i.e. 106 Units or Billion Units i.e.109 Units. 
Plant Load, Factor (PLF): PLF refers to the amount of electricity generated by a 
power generating unit as compared to its design capacity during a period. - The period 
may be a day, week, month, quarter or year. 
Peaking PLF: Peaking PLF is computed by extrapolating generation during morning 
& evening peak hours (4 hours each) to for the day and averaged over the year. 
Generally morning peak hour is taken from 5 Hrs to 9 Hrs during summer and 6 Hrs 
to 10 Hrs during winter. Evening peak covers 18 Hrs to 22 Hrs during summer and 17 
Hrs to 21 Hrs during winter. However it may vary depending upon the geographical 
location. 
Planned Maintenance (PM): Periodically the power generating units are shut down 
in a planned manner to take care of routine maintenance activities of different 
equipments. Generation loss because of these activities are called - Planned 
Maintenance (PM) and expressed as a percentage of total possible generation. 
= ~X C X Hpi 
Where Cpi is the capacity of the i h` unit in MW and Hpi is the duration of shut down 
of the Vh unit in Hours. C and H are the total capacity of the power plant in MW and 
total hours in the period under review. 
Forced Outage (FO): FO or Equivalent Forced Outage Rate (EFOR) refers to 
unscheduled unavailability of a unit, captures the duration for which a unit is forced to 
shut down for undertaking urgent unscheduled maintenance activities during the 
period of review and expressed in percentage terms. At the plant level it is defined as: 
C hf f L } 
Where Cfi is the capacity of the ia' unit in MW and Hfi is the duration of outage 
duration for forcible reasons of the ith unit in Hours. C and H are the total capacity of 
the power plant in MW and total hours in the period under review. 
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xi 
Operational Availability Factor (OAF): Availability, Operational Availability, 
Operational Availability Factor (OAF), or Equivalent Availability Factor (EAF) of a 
power generating unit refers to the duration of time for which the power generating 
unit is available for power generation during a period. The period may be a day, a 
month or a year. OAF captures the percentage of time for the unit is actually available 
for power generation and expressed as: 
OAF (%) = (100 = FO - PM) 
Heat Rate (HR): HR of a coal based power generating unit is an indicator of the 
effectiveness of chemical to electrical energy conversion process and expressed in 
kcal/kWh. If a unit converts 100% of the chemical energy of coal to electrical energy, 
the heat rate should be 860 kcal/kWh. Heat rates of individual power generating units 
in a power station are aggregated and expressed as Station Heat Rate (SHR). 
Design Station Heat Rate (DSHR) refers to design value of the heat rate for a unit 
and Operating Station Heat Rate (OSHR) refers to heat rate at with the unit is 
actually operating. According to CEA OSHR deviations up to 10% range are 
acceptable. Lower the HR better is the unit performance. 
Specific Coal Consumption (SCC): SCC measures the amount of coal consumed for 
generating one unit of electricity and expressed in kg / kWh. Lower SCC indicates 
better performance of the unit. 
Auxiliary Power Consumption (APC): APC refers to the amount of electricity 
consumed by a power generating unit to power the auxiliary equipments like pumps, 
fans etc. which are required for the power generation process. APC at station level is 
aggregate consumption for the whole power plant. APC is expressed as ratio of 
electricity consumed to electricity generated in percentage terms. Lower the APC 
better is the unit. 
Computation of yearly aggregate values from performance parameters: 
Vindhyachal STPP of NTPC having installed capacity of 2260MW generated 
16.33BU during FY04. At its full rated capacity, the plant could produce 2.26 MU of 
electricity during an hour and 19.79BU during a year. Generation of 16.3BU indicates 
the PLF of 16.33BU*l00/I9.79BU i.e. 82.5%. Similarly the electricity generation 
can be calculated from installed capacity and PLF. 
SCC of 0.600 indicates coal consumption of 16.33 BU * 0.600 kg' :Wh i.e. 9.799 X 
109 kg i.e. 9.8 million tonnes during a year. APC of 9% indicate; auxiliary power 
consumption of 16.33 BU * 9/100 i.e. 1.47 BU. PM and FO durations of 12.29% and 
2.37% translates to generation loss of 19.79*12.29/100  BU and 19.79*2.37/100  BU 
respectively. 
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Chapter -1 
INTRODUCTION 
Electricity is an essential requirement for all facets of our life. It has been recognized 
as a basic human need. It is a critical infrastructure on which the socio-economic 
development of a nation depends. In India also electricity is needed for sustaining 
economic growth, improving the quality of life and for increasing opportunities for 
development (PC, 2011). Supply of electricity at reasonable rate to rural India is 
essential for its overall development. Equally important is the availability of reliable 
and quality power at competitive rates to the industry to make it globally competitive, 
this also enables the industry to exploit the tremendous potential of employment 
generation. Growth of service sector, which has contributed significantly to make 
brand India global, needs quality electricity supply to sustain the growth. To make the 
life of every Indian brighter, National Electricity Policy (NEP, 2005) aims at 
achieving the following objectives: 
• Access to electricity -- available for all households in next five years 
• Availability of power — Demand to be fully met by 2012. Energy and peaking 
shortage to be overcome and adequate spinning reserve to be available. 
• Supply of reliable and quality power of specified standards in an efficient manner 
and at reasonable rates. 
• Per-capita availability of electricity to be increased to over 1000 units by year 2012. 
• Minimum lifeline consumption of I unit/household/day as a merit good by year 
2012. 
• Financial turnaround and commercial viability of electricity sector. 
• Protection of consumer's interests. 
With more than 159 GW of installed capacity and about 771 BUs of electricity 
generation, Indian power sector remains the 5th  largest consumer of electricity, 
accounting for approximately 3.4% of global energy consumption (India Energy 
Book, 2010). The installed capacity has grown from 1.7 GW in 1950 to 159 GW in 
I 
2010; an increase of 93 times at a compounded annual growth rate (CAGR) of 7.95% 
(CEA, 2011). Electricity generation has also grown from 5 BU during the end of 1950 
to 771 BU during April 2009 to March 2010 (FY1Q) registering an increase of 151 
times at a CAGR of 8.84% (CEA, 2008). In terms of installed capacity, fossil fuelled 
thermal power plants comprising of coal, gas and oil fired ones, constitute about 65% 
of the installed capacity followed by hydro (24.7%), renewable sources (7.7%) and 
nuclear (2.9%). 
1.1 Growth and Development of Power Sector 
Power development in India started with the commissioning of 2 X 65 kW single-
phase, 2300 volts and 83.3 Hz alternators on 10th November 1897 at Sidrapong in 
Darjeeling (WBDoP, 2011). The first steam driven power plant of 1000 kW was 
commissioned at KoIkata by CESC in 1899. In the pre-independence era, power 
generation was in the hands of private sector and was restricted to urban areas. Total 
installed capacity in the country was 1713 MW before the planned economic 
development started through five-year plans since 1951. Growth and development of 
power sector from 1950 till 2010 along with key indicators is detailed in Table 1. 
Table I: Growth and Development of Electricity Sector in India 
As on Installed Capacity (MW) 
Electricity 
Generation (MU) 
Length of T&D 
Lines (Ckt KM) 
Villages 
Electrified 
per Capita 
Consumption 
(kWh) 
31.12.50 1713 5106 29271 306I 18.17 
31.03.56 2886 9662 85427 7294 30.88 
31.03.61 4653 16937 157887 21754 45.94 
31.03.66 9027 32990 541704 45148 73.90 
31.03.69 12957 47434 886301 73739 97.90 
31.03.74 16664 66689 1546097 156729 126.24 
31.03.79 26680 102523 2145919 232770 171.59 
31.03.85 42585 156859 3211956 370332 228.70 
31.03.90 63636 245438 4407501 470838 329.21 
31.03.97 85795 395889 5140993 498836 464.55 
31.03.02 105046 517439 603018 512I53 559.18 
31.03.07 132329 624495 693984 478665 671.90 
31.03.10 159398 771173 749734 497950 733.00 
CAGR (%) 7.95 8.84 9.99 8.97 6.44 
Source: CEA (2008) and MoP (2011) 
Over the years, per-capita electricity consumption (PEC) has increased from 18.17 
kWh (FY51) to 733 kWh (FY10). National Electricity Policy (NEP), 2005 aims to 
increase the per-capita availability of electricity to over 1000 kWh and assures 
minimum lifeline consumption of 1 unit/household/day as a merit good by 2012. It 
2 
electricity sector in the country. The act had provisions for the constitution of the 
Central Electricity Authority (CEA), State Electricity Boards (SEB), Generating 
Companies, Consultative Councils and local Advisory Committees, their statutory 
powers and functions. It provided the basis for the takeover of most electricity 
generation and distribution by the SEBs constituted under it. The Act empowered the 
State to make rules for the SEBs and to issue directions to licensees for regulating the 
supply, distribution, consumption or use of electrical energy for the purpose of 
maintaining and securing equitable distribution of energy. ESA, 1948 was amended in 
1991 to allow private sector participation and permit 100% foreign equity 
participation in the sector and attracted investment from global players like AES, 
Bechtel, Cogentrix, Enron and GE etc. 
1.2.3 	Indian Electricity Rules, 1956 
The Indian Electricity Rules, 1956 (IER, 1956) were framed under section 37 of IEA, 
1910 by the Central EIectricity Board, to regulate the supply, transmission, generation 
and use of electricity. IER defined the terms for grant of license by electrical 
inspector, for, these were the measures required to be adopted in the construction, 
installation and maintenance of generation, transmission, transformation, conversion, 
distribution and use of electricity. The rules highlight precautions to be observed in 
carrying out any work in relation to such installations to avoid any sort of electrical 
accident. Conditions relating to supply and use of electrical energy, standards for 
electric supply lines, systems and apparatus at low, medium, high and extra-high 
voltages are specified in the rules. The rules are in vogue today and last amendment 
was enacted on 25th Nov, 2000. 
The conference of the Chief Ministers held on 16th October and 3rd December, 1996 
discussed and deliberated various issues related to power sector, agreed for improving 
the performance of the power sector in a time bound manner and adopted Common 
Minimum National Action Plan for Power (CMNAPP) which paved the way for 
greater role for private sector in generation, transmission and distribution, constitution 
of Electricity Regulatory Commissions, formulation of National Energy Policy, 
rationalization of retail tariff, simplification of procedures, Autonomy to SEBs and 
improvements in their management practices (CMNAPP, 1996). 
4 
Need was felt for the development and management of the electricity industry in an 
efficient, economic and competitive manner and rationalise the generation, 
transmission and distribution business so as to encourage participation of private 
players. Reforms were initiated in the states of Odisha, Andhra Pradesh, Delhi and 
Karnataka leading to constitution of state level Electricity Regulatory Commission, 
unbundling of the monolithic SEBs into separate generation, transmission and 
distribution entities. 
	
1.2.4 	Electricity Regulatory Commission Act, 1998 
Electricity Regulatory Commission Act, 1998 (ERCA, 1998) was promulgated 
through presidential ordinance on 25th April, 1998 to provide for the establishment of 
a Central Electricity Regulatory Commission (CERC) - at national level, State 
EIectricity Regulatory Commissions (SERC) - at state Ievel and Joint Electricity 
Regulatory Commissions (JERC) — for more than one states and UTs with their 
mutual agreement, for rationalization of electricity tariff, formulation of transparent 
policies regarding subsidies and promotion of efficient and environmentally benign 
policies in the electricity sector. 
1.2.5 	Energy Conservation Act, 2001 
Energy Conservation Act, 2001 which received the assent of the President on the 29th 
September, 2001, provides for efficient use of energy and its conservation. The act 
has provisions for establishment of Bureau of Energy Efficiency (BEE) to promote 
energy efficiency and energy conservation, Appellate Tribunal for Energy 
Conservation to hear appeals against the orders of the adjudicating officer or the 
Central Government or the State Government or any other authority under this act. 
BEE has been set up by Government of India on 15` March, 2002 (BEE, 2011). 
1.2.6 	Electricity Act, 2003 
Electricity Act (EA, 2003) was enacted by Indian Parliament and received presidential 
accent on 26 x`' May, 2003 aimed at i) consolidating the laws relating to generation, 
transmission, distribution, trading and use of electricity; ii) taking measures conducive 
to development of electricity industry; iii) promoting competition therein, protecting 
interest of consumers and supply of electricity to all areas, rationalization of 
electricity tariff, ensuring transparent policies regarding subsidies, promotion of 
efficient and environmentally benign policies; and iv) constitution of Central 
J 
Electricity Authority, Regulatory Commissions and establishment of Appellate 
Tribunal. 
To encourage private participation in generation sector, EA, 2003 abolished 
mandatory requirement of licenses for generating companies, encouraged competition 
through international competitive bidding, encouraged captive power generation and 
allowed generating companies to access retail consumers through open access. The 
act also mandated unbundling of SEBs, corporatization and competition in the 
distribution and transmission sector (EA, 2003). 
1.3 Plans, Policies and Guidelines 
Several plans, policies and guidelines have been formulated by the policy makers for 
accelerated development of power sector in the country. In the sections to follow, 
critical policies having bearing on the performance aspects of thermal power plants 
are explained. 
	
1.3.1 	National Electricity Policy, 2005 
National Electricity Policy (NEP), 2005 which was notified by the central government 
on 12 h` February, 2005 provides guidelines for accelerated development of the power 
sector based on optimal utilization of available resources. Among other things NEP 
urges to enhance the per capita availability of electricity to 1000 kWh by 2012; ensure 
minimum lifeline consumption of 1 unit/household/day as a merit good by 2012; 
increase the overall availability of installed capacity to 85%; adoption of suitable 
strategies including change of management for improving the efficiency of thermal 
power plants to acceptable level and effective utilization of all available resources for 
generation. The document is a road map for accelerated development of power sector 
in the country. 
1.3.2 	Guidelines for Competitive Bidding, 2005 
Power purchase costs constitute the largest cost element for distribution licensees and 
internationally, competition in wholesale electricity markets has led to reduction in 
prices of electricity and resulted in significant benefits for consumers. Guidelines for 
competitive bidding, were issued by MoP on 23 d` August, 2005 under the provisions 
of Section 63 of the Electricity Act, 2003 to facilitate procurement of electricity on 
medium term (between l year and 7 years) and long term basis (above 7 years) by 
n 
distribution licensees. Competitive procurement of electricity by the distribution 
licensees is expected to reduce the overall cost of procurement of power and facilitate 
development of power markets. 	 _ 
1.3.3 	Integrated Energy Policy, 2006 
Realising the vital role of energy sector to sustain economic growth witnessed in the 
recent years, it is very vital that the energy demand of all sectors is reliably met. To 
achieve an efficient configuration of the different energy sources and maintain 
consistency in policies governing different energy segments, an expert committee 
under the chairmanship of Dr. Kirit S Parikh, was constituted by planning commission 
to suggest appropriate measures. The committee submitted its report titled Integrated 
Energy Policy (IEP), 2006, which was subsequently approved by Govt. of India on 
26th December, 2008. The report provides a broad framework for guiding the policies 
governing the production and use of different forms of energy from various sources. It 
makes specific recommendations on a very large range of issues. Early 
implementation of the recommendations in the report would contribute substantially 
to putting the economy on a sustainable higher growth path. 
1.3.4 	National Tariff Policy, 2006 
Section 3 of the Electricity Act, 2003, mandates the central government to prepare 
National Electricity Policy and tariff policy, in consultation with the State 
Governments and the CEA for development of the power system based on optimal 
utilisation of resources such as coal, natural gas, nuclear substances or materials, 
hydro and renewable sources of energy. National Tariff Policy (NTP), 2006 was 
announced by Govt. of India on 06 x`' January, 2006. The objectives of the policy are to 
- a) Ensure availability of electricity to consumers at reasonable and competitive rates; 
b) Ensure financial viability of the sector and attract investments; c) Promote 
transparency, consistency and predictability in regulatory approaches across 
jurisdictions and minimise perceptions of regulatory risks; and d) Promote 
competition, efficiency in operations and improvement in quality of supply. 
NTP suggested a) multi-year tariff (MYT) frame work applicable for a control period 
of five years to encourage capital investments an incentive framework to share the 
benefits of efficiency improvement between the utilities and the beneficiaries during 
the control period, b) setting performance benchmarks at normative operating only 
taking into account the technological advancements, fuel, age of equipments, nature 
of operations, level of service to be provided to consumers etc. increased efficiencies. 
c) targets should be based not at lower of normative and actual but at normative only 
and d) control and penalize inefficiency among other things. 
	
1.3.5 	Rural Electrification Policy, 2006 
Sections 4 & 5 of the Electricity Act, 2003, mandate the Central Government to notify 
a Rural Electrification Policy (REP). REP, 2006 announced on 23 d` August, 2006 
aims at providing quality and reliable power supply at reasonable rates, ensure 
minimum lifeline consumption of] unit per household per day as a merit good by 
2012. and providing access to electricity to all households by the year 2009. 
1.3.6 	17th Electric Power Survey 
Every five years CEA carries out Electric Power Survey (EPS) through a committee 
to forecast electricity demand scenario in the country. 17a EPS which was 
commissioned in 2003, submitted its report in 2007. Based on demand forecast, 
capacity addition plans are formulated and power allocation to states made by the 
central government from the central generating stations. 18th EPS committee has been 
constituted to forecast demand projections (CEA, 2011). 
1.3.7 	National Electricity Plan, 2007 
Electricity Act 2003 mandates CEA to prepare the National Electricity Plan (NEP) in 
accordance with the national electricity policy and notify the plan every five years. 
Based on the demand forecast of 17th EPS and the growth rates forecasted in the IEP, 
NEP-2007 prepared by CEA chalks out road map for achieving optimum growth of 
the power sector for providing reliable and quality power at reasonable rates to all by 
2012. 
1.4 Structure of Indian Power Sector 
Electricity Act, 2003 attempted to strengthen the functioning of Indian power sector at 
Central and State level. Broad structure of the power sector, emerging after EA, 2003, 
is shown in Table 2. Both the Central and State Govt. intervene to-augment the power 
generation infrastructure in the country. 
Table 2: Broad Structure of Power Sector after EA, 2003 
Function Central State 
Policy  Ministry of Power State Government 
Planning CEA 
Regulation CERC SERC 	I 	 JERC 
Testing and CPRI Certification 
Human Resource NPTI Development 
Financing PFC 
DVC, BBMB 
and Central 
Generating Private Generation Stations UMPP GENCOS IPPs generation 
(NTPC, NLC distribution 
and NHPC companies in 
Ahmedabad, Transmission Transmission Transmission CTU Licensee STU Licensee Kolkata, 
Mumbai and System NLDC RLDC SLDC Surat Operations 
Distribution Distribution Licensee 
Trading Trading Licensee Trading Licensee 
Rural REC Electrification 
Appeal APTEL Ombudsman Grievance Redressal Forum 
While the Central Sector intervenes through centrally generating stations like NTPC, 
DVC, BBMB, NLC, NHPC etc., the States intervene through state level generating 
companies (GENCOs) and independent power producers (IPPs). Ministry of Power 
website details the functions of key organizations in the power sector (MoP, 2011). 
1.5 Statutory and Autonomous Bodies 
For smooth functioning of the sector, government of India has constituted several 
statutory and autonomous bodies. These bodies derive their roles and responsibilities 
from policies, acts and guidelines formulated in the sector and supplement MoP in 
achieving the envisaged goals. 
1.5.1. 	Central Electricity Authority 
Central Electricity Authority (CEA) is a statutory body constituted under the erstwhile 
ESA, 1948, which has been subsequently replaced by EA, 2003. CEA is headed by a 
Chairman, who is of the rank of ex-officio Secretary to the Government of India, and 
comprises six full time Members of the CEA of the rank of ex-officio Additional 
Secretary to the Government of India. CEA acts as an "Attached Office" of the MoP 
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and assists MoP in all technical and economic matters. Primary responsibility of CEA 
includes planning regulation involving regulation of power demand and supply gap 
and construction regulation involving optimizing the fuel mix for capacity addition. 
Section 73 of the Electricity Act, 2003 defines the functions and duties of the 
Authority. Besides, CEA has to discharge various other functions as well under 
sections 3, 7, 8, 53, 55 and 177 of EA, 2003. 
In accordance with the NEP, 2005, CEA had prepared National Electricity Plan, 2006. 
CEA also publishes Load Generation Balance Report, Review of the Performance of 
Hydro and Thermal Power Plants annually and carries out electricity power surveys 
(EPS) - every five years. Website of CEA is a rich source of information on Indian 
power sector (CEA, 2011). 
	
1.5.2 	Electricity Regulatory Commissions 
With the enactment of ERC acts by State governments and federal government, 
CERC at national level, SERCs at state level and JERCs for multiple states have been 
constituted. The provisions of this act in respect of the state commissions exclude the 
commissions already established. 
CERC was established in July 1998. As on March, 2011, twenty five SERCs and two 
JERCs had been established. Section 166(2) of EA, 2003 had provisions for 
constitution of Forum of Regulators (FOR) for harmonization, coordination and 
ensuring uniformity of approach amongst the different ERCs across the country. 
CRISIL report (FOR, 2009) submitted to FOR, analysed tariff orders of different 
ERCs between FY05 and FY09. With the mutual agreement between the respective 
states and UTs, JERCs for Manipur and Mizoram headquartered at Aizwal was 
constituted in 2005 and JERC for Goa & Union Territories (except Delhi) 
headquartered at Gurgaon in Haryana was established in 2009. 
1.5.3 	Appellate Tribunal for Electricity 
Section 110 of EA, 2003 mandates establishment of an Appellate Tribunal for 
Electricity (APTEL) as a statutory body for the purpose of hearing cases against the 
orders of the regulatory commissions and the adjudicating officer and issue directions 
to all commissions for the performance of its statutory functions. Accordingly MoP 
had notified establishment of APTEL w.e.f 7th April, 2004. APTEL consists of a 
Chairperson and three other Members. 
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1.5.4 	Transmission Utilities 
Development of a reliable power system requires a robust inter and intra state 
transmission backbone. For planning, co-ordination and development of transmission 
system EA, 2003 vests the responsibilities on central and state transmission utilities. 
Central Transmission Utility (CTU) as a statutory body was conceived in section 27A 
of the erstwhile IEA, 1910 and has been retained in the EA, 2003. Section 38 of EA, 
2003 act authorizes the central government to notify a government company as the 
CTU and defines its functions. The primary responsibilities of the CTU includes a) 
Undertake transmission of energy through inter-State transmission system and b) 
Discharge all functions of planning and coordination relating to inter-State 
transmission system with State Transmission Utilities, Central Government, State 
Governments, generating companies etc. Power Grid Corporation of India Limited 
has been identified as the CTU. Powergrid owns and operates about 82,354 circuit 
KMs of transmission lines, 135 Substations and about 93,050 MVA transmission 
capacities and wheels about 51% of generated power across India (PGCIL, 2011) 
State Transmission Utilities (STU) as a statutory body was conceived in section 27B 
of the erstwhile IEA, 1910 and has been retained in the EA, 2003. Section 39 of EA, 
2003 authorises the respective state governments to notify the SEB or a Government 
company as the STU and defines their functions. The primary responsibilities of the 
STU include undertaking transmission of energy through intra-state transmission 
system and planning and coordination relating to intra-state transmission system with 
Central Transmission Utility, State Governments, generating companies etc. 
1.5.5 	Load Despatch Centers 
Section 25 of Electricity Act, 2003 authorises the central government to make region-
wise demarcation of the country and from time-to-time, make such modifications 
therein as it may consider necessary for the efficient, economical and integrated 
transmission and supply of electricity, and in particular to facilitate voluntary inter-
connections and coordination of facilities for the inter-State, regional and inter-
regional generation and transmission of electricity. To facilitate inter-state and intra-
state / region power transfer the act has specified the establishment of National Load 
Despatch Centre (NLDC), Regional Load Despatch Centers (RLDC) and State Load 
Despatch Centers (SLDC) at national, regional and state level respectively. 
For independent power system operation, Powergrid which happens to be the CTU, 
had incorporated a wholly owned subsidiary company Power System Operation 
Corporation Ltd (POSOCO). To facilitate optimum scheduling and despatch of 
electricity among the RLDCs, POSOCO had setup NLDC at New Delhi which started 
functioning with effect from 25 h` February, 2009. To ensure integrated operation of 
the power system in each region, the RLDCs has been envisaged as apex bodies. The 
RLDCs are responsible for despatch of electricity within the regions, monitoring grid 
operations etc. Section 26-28 of the EA, 2003 specifies the structure, functions and 
authorities of RLDCs. Five regional load dispatch centers for Eastern, North — 
Eastern, Northern, Southern and Western regions have been established by 
POSOCO.The RLDCs are headquartered at Kolkata, Shillong, New Delhi, Bengaluru 
and Mumbai respectively. 
Corresponding to the RLDC, which operates at the regional level, the SLDCs have 
been envisaged in the EA, 2003 at the State level with the responsibility of ensuring 
integrated operations of the power system in State. Several SLDCs have been 
established for smooth and integrated operation of the power systems in state level by 
the respective state governments. 
1.6 Segments of Indian Power Sector 
The important pillars of Indian power sector are generation infrastructure, 
transmission backbone and distribution systems. Generation infrastructure comprises 
of generation assets created in different management structures over several years to 
generate power from different sources. The transmission backbone consists of inter-
state and intra-state power transmission lines which carry power generated from 
power plants to different load centers. The distribution system takes power from the 
load centers and supplies to the end users. 
1.6,1 	Power Generation Infrastructure 
As can be seen from Table 1, the power generation assets have grown in the country 
over the years from 1.7 GW during 1950 to about 159 GW till March'2010 at a 
CAGR of 7.95%. Composition of the power generation infrastructure, different fuel 
sources, year wise capacity addition and contribution of Central, State and Private 
sector are discussed. 
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Based on the availability of natural resources, generation of electricity from different 
sources varies among different countries. During 2005, the share of electricity 
production from fossil fuels varied from 61 % (OECD countries) to 72 % (non-OECD 
countries). It was significantly higher in many countries like Poland (98%), South 
Africa (94%), Australia (93%), Ireland (93%) etc. While United States and China 
account for about 44% of global energy production from fossil fuels, another .five 
countries , Russia, Japan, India, Germany and the United Kingdom account for 
another 20% (IEA, 2008). In India, fossil fuels account for about 84%. power 
generations followed by hydro (14%) and nuclear (2%). Excluding power generation 
from renewable energy sources (RES), the installed capacity at the end of FY10 and 
power generation during FY10 is shown in Figure 1. 
Because of the uncertainties associated with hydro power generation and non-
availability of gas, coal fired plants having about 58% of installed capacity contribute 
to about 70% of power generation in the country. In the past coal has remained the 
dominant source of electricity in India and IEP (2006) acknowledges a key role for 
this sector in future also. 
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Figure 1: Fuel wise Share of Installed Capacity and Power Generation (till FY10) 
Power generation infrastructure in India are held in State,- Central and Private sector 
having shares of about 53%, 33% and 15% respectively. With the formation of SEBs 
in the early 50s, states entered the power sector. Central sector participation came in 
a big way with the establishment of NTPC and NBPC in 1975. Because of the loss 
making SEBs, who had the mandate to distribute electricity in the country, private 
sector participation was not forthcoming. During the 1990s central government took 
few initiatives to bring in private sector investment through independent power 
producers (IPP) which received lukewarm response. Year wise capacity addition 
since 1950 till 2008 in different sectors is shown in Figure 2. 
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Figure 2 : Year wise Capacity Addition (in MW) 
It is observed that in the post independence era, the capacity addition was slow and 
less than 1 GW annually till 1966. For 3 years the capacity addition was above 1 GW 
and which came down again till 1974 to increase again after 1975. During the year 
1989, highest capacity addition of about 6 GW was recorded which was surpassed 
during 2007 with the addition of 9.7 GW. 
Generating assets which were initially held in the private sector during the pre-
independence era, created in the state sector through SEBs in the post independence 
period till 1982. With the establishment of central PSUs like NTPC and NHPC in 
1975, the capacity addition program in the central sector got a fillip and contributed 
substantially till 2008. With the reform initiatives introduced during the 1990s, 
several IPPs in private sector entered the sector however with nominal contribution. 
Sector wise capacity addition in percentage terms is shown in Figure 3. 
The oldest unit under operation is the 30 MW coal fired Unit #lof CESC at New 
Cossipore commissioned on 31st October, 1949. During FY08, the New Cossipore 
Unit #1 generated 76.41 MUs of electricity at a PLF of 29%. The average unit size 
varies from 30 MW to 500 MW with average unit capacity of 141 MW. While Coal 
fired units of 600 MW (Hissar) and 660 MW (Mundra and Sipat) have already been 
commissioned, 800 MW units are under construction. NTPC is the biggest operator in 
the country with installed capacity of about 28 GW on its own and few GWs through 
several JVs (NTPC-SAIL, Ratnagiri etc.). 
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Figure 3 : Sector wise Capacity Addition (in %) 
Realising the inherent need of private sector investment, EA, 2003 was enacted to 
introduce competition in the sector. In the years to come the impact of EA, 2003 to 
attract private investment in the sector will be under test. 
1. b.2 	Power Transmission Network 
The exploitable energy resources in our country are concentrated in certain pockets. 
As a result, some regions do not have adequate natural resources for setting power 
plants to meet future requirements whereas others have abundant natural resources. 
This has necessitated formation of National Power Grid to transmit power from 
resource rich to deficit areas as well as to facilitate scheduled/ unscheduled exchange 
of power. Transmission networks transmit electrical energy generated by the power 
generating stations to the load centers for distribution by distribution backbone. 
Power transmission network in India is divided into five Regions - Northern Region 
(NR), Eastern Region(ER), Western Region (WR), Southern Region (SR) and North-
East Region (NER). Four regions the NR, ER, WR and NER are synchronized as a 
single grid, known as NEW Grid. SR is not connected with the NEW grid and 
operates at a different frequency. 
As on FYI0, the regional grids are capable of transmitting 90 GW of electricity and 
inter-regional capacity of about 20 GW. In the past, the transmission planning was 
based on generation evacuation system. Grid bottlenecks have necessitated backing 
down of generation by generating units. Creation of transmission super highways are 
also essential to de-bottleneck the generating resources utilize their optimal capacity. 
In the recent years the focus has shifted to integrated system planning (MoP, 2011). 
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With the enactment of EA, 2003, statutory bodies in the form of CTU and STU were 
designated to undertake the responsibility of inter-state and intra-state power 
transmission. Powergrid which has been designated as the CTU of the country wheels 
about 45% of the power generated. While most of the transmissions assets at present 
are being held by entities in the central and state sector, reforms introduced in the 
recent years envisages active participation by private sector. 
In order to achieve the ambitious mission of power for all, the CTU intends to invest 
around 270,000 Crore to strengthen the transmission network in the country and 
create a national Power Grid with inter-regional power transfer capacity of more than 
39 OW by 2012. Accelerated Power Development & Reform Program (APDRP) was 
launched by Govt. of India in 2001 and being restructured, to strengthen the 
transmission and distribution network in the country and reduce Aggregate Technical 
and Commercial (AT&C) losses to 15% level from 32.86% (MoP, 2011), 
A Smart Grid is an intelligent electricity transmission network spanning from 
generators to consumers and has provision of smart meters to decide the quantum of 
power to consumer based on the time of day pricing. Implementation of Smart Grid 
has been reported in USA, Canada, and Germany. Under the initiative of MoP, a non-
profit voluntary consortium of public and private stakeholders in the form of India 
Smart Grid Forum has been formed with the prime objective of accelerating 
development of Smart Grid technologies in the Indian power sector. The forum has 
formed seven working groups to look into various aspects of Smart Grid in the Indian 
context (MoP, 2011). 
1.6.3 	Power Distribution Backbone 
Distribution Companies (DISCOMs) were responsible for distributing electricity to 
the end users from the grid substations. Barring limited participation of few selected 
players like CESC, AEC, BSES restricted to metropolitan cities like Kolkata, 
Ahmedabad, Mumbai, Surat and Greater Noida, till 1998 the respective SEBs created 
under the Electricity supply Act, 1948 were handling around 88% of the distribution 
of electricity in the country. The continual deterioration of the financial health of the 
SEBs, acted as a strong deterrent for the much needed private sector participation in 
augmenting the generation assets in the country, which was otherwise essential to fuel 
the growth aspirations witnessed in the post liberalized era. This necessitated the 
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introduced which saw Electricity Regulatory Commissions at national and State level 
(CERC and SERCs) and allowed the entry of the private players into the electricity 
distribution segment. The activities of the SEBs were unbundled by splitting into 
separate Generating Companies (GENCOs), Transmission Companies (TRANSCOs) 
and Distribution Companies (DISCOM). With the active support of World Bank 
(WB), Department for International Development (DFID) and Asian Development 
Barik (ADB), Odisha became the first state not only in India but also in the entire 
south Asia to undertake a comprehensive power sector reform progarm in 1995. This 
saw the erstwhile Orissa State electricity Board (OSEB) being split into 4 DISCOMs. 
The reform program was implemented by other states like Andhra Pradesh and Delhi 
in 1999 and 2002 respectively. Electricity Act, 2003 makes it mandatory for the states 
to unbundle their activities. 
1.6.4 	Power Trading and Power Exchanges 
To facilitate the development of mega power projects envisioned in the Mega Power 
Policy in 1998 through appropriate payment - security mechanism and reduce the 
project risk, the concept of power trading was introduced. To develop and implement 
the concept of power trading in India, PTC India Ltd. was incorporated in 1999 in 
public-private partnership mode. PTC has a tri-fold mandate; to optimally utilize the 
existing resources to develop a full-fledged, efficient and competitive power market, 
to attract private investment in the Indian power sector and to encourage trade of 
power with neighboring countries (PTC, 2011). 
With the introduction of open access in EA 2003, power trading was encouraged 
further and has resulted establishment of 3 power exchanges and several power 
trading companies. While two power exchanges India Energy Exchange (IEX) and 
Power Exchange of India Ltd (PXIL) are operational, National Power Exchange Ltd 
(NPEX) is yet to start operation. Based on the information submitted by trading 
licensees, the data compiled by CERC, volume of electricity traded by the licensees 
including bilateral transactions (inter-state) and the transactions undertaken through 
power exchanges during FYI 1 is detailed in Table 3. 
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Table 3 : Share of Electricity Traded by Trading Licensees (Mar 2011) 
Sl No Name of the Trading Licensee % Share Hill 
1 PTC India Ltd 30.78% 0.0947 
2 NTPC V id ut V a ar Ni am Ltd 15.98% 0.0255 
3 National EnergyTrading & Services Ltd 12.07% 0.0146 
4 Tata Power Trading Comp 	(P) Ltd 9.63% 0.0093 
5 Reliance Energy Trading (P) Ltd 8.94% 0.0080 
6 Knowledge Infrastructure Systems (P) Ltd 6.95% 0.0048 
7 Adani Ente 	rises Ltd. 5.38% 0.0029 
8 JSW Power Trading Comp py Ltd 3.72% 0.0014 
9 Instinct Infra & Power Ltd 2.77% 0.0008 
10  GMR Energy TradingLtd 2.33% 0.0005 
11 Shree Cement Ltd. 1.08% 0.0001 
12 Mittal Processor (P) Ltd. 0.16% 0.0000 
13 Essar Electric Power Development Corp. Ltd. 0.09% 0.0000 
14 RPG Power Trading Company Ltd. 0.07% 0.0000 
15 Global Energy (P) Ltd. 0.05% 0.0000 
16 Jindal Power Trading Company Ltd. 0.001 % 0.0000 
Total 100.00% 0.1626 
It is found that of the 75 BU of electricity generated, 16 licensees traded about 7.4 BU 
of electricity (9.79%) during March' 11. Top 5 traders accounted for 77.4% of trading 
volume. The Herfindahl-Hirschman Index (HHI) which is an indicator of market 
concentration is found to be 0.1626 indicating moderate concentration of market 
power (CERC, 2011). 
1.7 Power Demand and Supply Scenario 
Power sector in India is characterized by acute peak and energy deficit. Energy 
demand refers to cumulative energy during a period and measured in MU. Peak 
deficit refers to shortage of electricity during peak load hours when demand for 
electricity is more than supply and measured in MW. Based on estimates carried out 
by CEA, peak deficit that was 11.9% during FY09 increased to 12.7%'during FY10 
and came down to 9.8% during FY11. Energy shortage narrowed down from 11.1% 
during FY09 to 8.5% during FYI 1. During FY12 it is also estimated that India will 
face double digit peak and energy shortage (LGBR, 2011). 
1.7.1 	Demand and Supply Scenario 
Actual power demand and supply scenario during FY02 to FY 11 is shown in Table 4. 
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Table 4: Peak and Energy Demand and Supply Scenario 
Year 
Energy Peak 
Demand Supply Gap Gap Demand Supply Gap Gap 
2001-02 522537 483350 39187 7.5 78441 69189 9252 11.8 
2002-03 545983 497890 48093 8.8 81492 71547 9945 12.2 
2003-04 559264 519398 39866 7.1 84574 75066 9508 11.2 
2004-05 591373 548115 43258 7.3 87906 77652 10254 11.7 
2005-06 631554 578819 52735 8.4 93255 81792 - 11463 12.3 
2006-07 690587 624495 66092 9.6 100715 86818 13897 13.8 
-2007-08 737052 664660 72392 9.8 108866 90793. 18073 16.6 
2008-09 777039 691038 86001 11.1 109809 96785 ' 13024 11.9 
2009-10 830594 746644 83950 10.1 119166 104009 15157 12.7 
2010-11 861591 788355 73236 8.5 122267 110256 12031 9.8 
Source: CEA (2011) and MoP (2011). 
Energy shortage and peak shortage ranging from 7.1% to 11.1% and 11.2% to 16.6% 
respectively persisted during the last decade. 
1.7.2 	Anticipated Demand and Supply Scenario 
With the rapid economic growth being witnessed in the recent years, the demand for 
electricity is growing very fast. Slow capacity addition is likely to widen the demand 
supply gap in the future. Based on these estimates, the projected electricity 
requirement as per IEP is shown in Figure 4. 
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Figure 4: Power Demand and Supply Scenario 
It is estimated that in the future, the power demand will grow rapidly. Widening 
demand supply gap will have adverse impacts on the economy. 
1.7.3 	State wise Demand and Supply Scenario 
During FY10, all the regions in the country experienced energy and peak shortage of 
varying degrees. With uneven distribution of natural resources like Coal and Hydel 
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potential leading to concentration of generating assets coupled with altogether 
different pattern of demand for electricity, the supply demand scenario of electricity 
continue to vary from region to region. Efforts are being made for optimal utilization 
of energy resources through inter-regional / inter-state exchanges. Sale of electricity 
through Inter-state and inter-regional exchanges during FY10 was 39.17 BU, which 
was 13% more than the previous years (CEA, 2010). Anticipated demand supply 
position during FY12 is shown in Table 5 forecasting energy shortage of 96.37 BU 
and peak shortage of 17.52 GW which translates to 10.3% and 12.9% in percentage 
terms. All the five regions are anticipated to face energy and peak shortage of varying 
degrees. Western Region (WR) is likely to have maximum energy and peak demand 
of 287.76 BU and 42.42 GW. While the energy shortage will be maximum in WR at 
31.52 BU (11.0%), Southern Region (SR) is anticipated to face maximum peak 
shortage of 5.39 GW (14.5%). Four states Delhi, Himachal Pradesh, Dadra & Nagar 
Haveli and Sikkim are likely to be meet energy and peak surplus. 
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Table 5 : Region wise Demand Supply Forecast for FY 12 
State / 
Region 
Ener 	(MU) Peak MW 
Demand Supply 
Surplus(+) 
/Deficit - 
Gap 
% Demand Supply 
Surplus(+)/ 
Deficit - 
Gap 
Chandigarh 1660 1561 -99 -5.9 315 254 -61 -19:4 
Delhi 27870 3458I 6711 24.1 5000 5610 6I0 12.2 
Haryana 35929 33777 -2152 -6.0 6500 6050 -450 -6.9 
Himachal 
Pradesh 8626 9236 610 7.1 1400 2040 640 45.7 
Jammu & 
Kashmir 14234 10631 -3603 -25.3 2500 1790 -710 - -28.4 
Pun'ab 49277 42349 -6928 -14.1 9800 7790 -2010 -20.5 
Rajasthan 49095 45672 -3423 -7.0 7900 7220 -680 '-8.6 
Uttar Pradesh 82411 62975 -19436 -23.6 11800 8680 -3120 -26.4 
Uttarakhand 10480 8363 -2116 -20.2 1600 1430 -170 =10.6 
Northern 
Re ion 279581 249145 -30436 	. -10.9 41000 36140 -4860 -11.9 
Chhattisgarh 24471 28697 4226 17.3 3025 2964 -61 -2.0 
Gujarat 76072 74838 -1234 -1.6 11832 9569 -2263 -19.1 
Madhya 
Pradesh 52050 41972 -10078 -19.4 9079 7371 -1708 -18.8 
Maharashtra 124632 101123 -23509 -18.9 20200 14678 -5522 -27.3 
Daman & Diu 2517 1903 -614 -24.4 370 224 -146 -39.5 
D.N. Haveli 4695 4696 I 0.0 580 582 2 0.3 
Goa 3320 3008 -312 -9.4 500 300 -200 -39.9 
Western 
Region 287757 256237 -31520 -11.0 42422 37781 -4641 -10.9 
Andhra 
Pradesh 88335 77608 -10727 -12.1 13916 11336 -2580 -18.5 
Karnataka 52751 55256 2505 4.8 8680 8296 -384 -4.4 
Kerala 19019 16689 -2330 -12.3 3400 3094 -306 -9.0 
Tamil Nadu 87539 71767 -15772 -18.0 12755 10616 -2139 -16.8 
Puducherry 2380 2494 114 4.8 358 349 -9 -2.5 
Southern 
Re ion 250024 223814 -26210 -10.5 37247 31859 -5388 -14.5 
Bihar 13706 11210 -2496 -18.2 2300 1605 -695 -30.2 
DVC 18054 16668 -1386 -7.7 2650 2839 189 '7:1 
Jharkhand 7346 6540 -806 -11.0 1200 1189 .11 -0.9 
Odisha 25430 21511 -3919 -15.4 3700 3836 136 3.7 
West Bengal 40429 40421 -8 0.0 7210 5760 -1451 -20.1 
Sikkim 496 944 448 90.5 130 159 28 21.8 
Eastern 
Region 105461 97294 -8167 -7.7 17171 15185 -1986 -11.6 
Arunachal 
Pradesh 595 589 -6 -1.1 148 127 -21 -14.2 
Assam 6071 6021 -50 -0.8 1195' 1069 -126 -10.5 
Mani ur 593 588 -5 -0.9 154 124 -30 -19.5 
Me haia a 1698 1652 -45 -2.7 495 477 -18 -3.6 
Mizoram 391 408 16 4.2 106 78 -28 -26:4 
Nagaland 660 597 -63 -9.5 157 118 -39 -24.8 
Tripura 911 1029 118 13.0 221 196 -25 -11.3 
North- 
Eastern 
Region 
10918 10884 -34 -0.3 2198 2068 -130 -5.9 
All India 933741 837374 -96367 -10.3 136193 118676 -17517 -12.9 
Source: LGBR (2011) 
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Five more state namely Cbattisgarh, Karnataka, Tripura, Puducherry and Mizoram 
will be able to meet their energy demand falling short of their peak demand. DVC and 
Odisha in spite of their failure to meet the energy demand, anticipated to be able to 
meet their peak demand. While the states of Maharashtra, Uttar Pradesh and Tamil 
Nadu are likely to face maximum energy shortage amounting to 23.51 BU, 19.44 BU 
and 15.77 BU in absolute terms, the states of Jammu & Kashmir, Daman & Diu and 
Uttar Pradesh slated to encounter maximum energy shortage of 25.3%, 24.4% and 
23.6% in percentage terms. It appears that Maharashtra, Uttar Pradesh and Andhra 
Pradesh will face maximum peak shortage of 5.52 GW, 3.12 GW and 2.58 GW 
respectively in absolute terms. In percentage terms, peak shortage is likely to be 
maximum in the states of Goa, Daman & Diu and Bihar at 39.9%, 39.5% and 30.2% 
respectively. 
Considering the fact that electricity demand depends upon the supply of electricity, 
the demand supply gap in real terms is likely to be widened further by taking into 
account unrealized demand from consumers. 
1.7.4 	Impact of Power Shortage 
A study undertaken by TERI (2001) for the World Bank and Department for 
International Development, had estimated that power shortage resulted in the loss of 
value added to the tune of 1% and 3.1% in the manufacturing and agricultural sector 
respectively in Haryana. The estimated loss is more in the state of Karnataka and 
estimated at 2.2% and 13.3% respectively. Akkina (2001) had estimated that 10% 
shortage of power has reduced the growth rate by 0.1% and 0.5% during the 1970s 
and 1980s. In a note prepared by PMO it was argued that persistent shortfalls on 
account of electricity generation held back India's GDP growth (Airy, 2009). Study 
undertaken by TERI (2001) also revealed that for every unit of additional electricity 
supplied to the industrial sector, there would be a value addition of "t 1.63 in Haryana 
and' 6.52 in Karnataka. The cost of poor and unreliable power quality was over 1% 
of value added in manufacturing in Haryana and 2.25% in Karnataka. On account of 
crop production only, the loss due to shortage of electricity, in terms of value added 
has been estimated at 3.1% of agricultural GDP in Haryana and 13.3% in Karnataka at 
a conservative level. 
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Mazumdar (2007) attributed about 20% production loss to power shortage. Phadke et 
al. (2005) estimated that one GWh of additional electricity supply has the potential of 
creating 825 person-years of employment opportunities in Maharashtra. One unit of 
electricity in Maharashtra contributed to Z 9.23 worth of tax revenues to state 
government during FY03 and marginal increase in tax revenue between FY02 and 
FY03 estimated at T 12.74. The study estimated that restoration of electric supply to 
electricity-short business in Maharashtra has the potential of reducing the state's fiscal 
deficit by 15%. Realising the need and importance of estimating, understanding and 
monitoring the economic impact of power shortage, South Asia Regional Initiative for 
Energy (SARI / Energy) reviewed studies carried out to estimate the economic impact 
of poor power quality on industry (Nexant, 2003). 
1.8 Initiatives to Bridge Demand Supply Gap 
In view of the adverse impact of power shortage, on the GDP growth, energy planners 
in the country have adopted multi-pronged supply side as well as demand side, 
approach to narrow down the gap. While supply side measures aim at making 
available more energy, demand side measures aim at meeting maximum consumer 
demand from the available resources. Some of the important supply as well as 
demand side initiatives undertaken in the Indian context are detailed below. 
1.8.1 	Supply Side Management 
Supply side management of electricity aims at augmenting electricity supply to 
narrow down demand supply gap and achieved through new capacity addition and 
performance improvement of existing generation assets to generate mere electricity. 
Over the years lot of thrust has been accorded on accelerated capacity addition targets 
to augment the availability of electricity. During the 9 h` plan and 10 h` plan 19 GW and 
21 GW were added to the national grid. Based on the mid-term appraisal by Ministry 
of Power, it is estimated that 50.8 GW projects are likely to be commissioned during 
11 `h plan with high degree of certainty and another 10.5 GW could be commissioned 
with efforts. This translates to addition of about 12 GW per year in contrast to 3.8 GW 
and 5.4 GW added during 9`" and 10 E`' Plan respectively. In fact during the first 3 years 
of 11'h Plan, capacity addition at a rate of 9GW per annum has been achieved till 31St 
Mar, 2010. Realising the fact that huge capacity addition requires heavy investment, 
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to encourage private sector participation several initiatives have been introduced in 
the recent years. Electricity Act (2003) has introduced several measures like removal 
of licensing for generation, removal techno-economic clearance of CEA for thermal 
generation. Ultra Mega Power Projects (UMPP) scheme envisages establishment of 
mega thermal power plants of 4GW each at nine locations through competitive 
bidding (MoP, 2010). 
Coal, Hydro and Gas are the main sources of electricity in India contributing around 
87% of installed capacity. The generation from coal-fired power plants gets affected 
due to coat supply and grid constraints. Hydro generation depends on the nature and 
generation loss from gas-based power plants have been recorded due to inadequate 
gas supply. 
1.8.2 	Demand Side Management 
Demand Side Management (DSM) aims to meet maximum consumer demand from 
the existing availability of electricity thereby reducing the peak and energy shortages 
and refers to the deliberate intervention to alter the consumers load profile which may 
involve adoption of measures like differential tariff during peak and off-peak hours, 
seasonal tariffs, interruptible tariffs, incentives for reduced energy consumption and 
penalties for increased energy consumption, etc. DSM measures like Agricultural 
DSM (Ag DSM), Municipal DSM, Energy Conservation building code, Bachat Lamp 
Yojana etc have been formulated (MoP, 2011). 
In India, it is estimated that around 20% of energy is wasted because of inefficient end 
use. There has been growing recognition of the importance of energy efficiency in 
India's electricity sectors. MoP is the nodal agency for energy conservation in the 
country. The Bureau of Energy Efficiency (BEE), an autonomous body under the 
MoP, was set up in 1989 to coordinate initiatives and activities on energy 
conservation. Energy Conservation Cells have been set up many industries and energy 
audits are being carried out regularly. The National Energy Efficiency Program 
(NEEP) of the Government of India (GOl) has targeted savings of about 6 GW to be 
realized by the end of the Eighth plan through both demand (2.75 GW) and supply 
side (2.25 GW) efficiency improvements. Energy Conservation Act, 2001 was 
enacted to promote energy conservation. To promote energy efficiency, BEE has 
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taken several initiatives like energy conservation building code, star ratings for 
buildings and household appliances (MoP, 2010). 
1.9 Performance of Power Generation Utilities 
Power remains the single most important catalyst for economic growth. Unavailability 
of power in desired quality and quantity affects GDP growth of a country. Chronic 
power shortages have had adverse economic impact in terms of reduced growth in 
value added and reduced growth in per capita income. Parekh (2001) equates India's 
power sector with a leaking bucket where the holes deliberately crafted and the leaks 
carefully collected as economic rents by various stakeholders that control the system. 
The logical thing to do would be to fix the bucket rather than to persistently 
emphasize shortages of power and forever make exaggerated estimates of future 
demand for power. Most initiatives in the power sector (IPPs and mega power 
projects) are nothing but ways of pouring more water into the bucket so that 
consistency and quantity of leaks are assured. 
Several studies have identified substantial gaps in the performance of thermal power 
plants and recommended for performance improvement exercises (CIIGBC, 2005; 
TPR, 2008; IGEN, 2009; Sharma, 2010). Performance improvement of coal fired 
power plants is faster and cheaper way to augment generation potential compared to 
new capacity addition (Subramaniam, 2010). Performance improvement of installed 
power generation infrastructure have the potential of doing away with capital 
investments to the tune of 248,000 Crores (CIIGBC, 2005). Improved performance of 
the generation infrastructure offer a host of benefits in the form of enhanced 
generation from the existing infrastructure Ieading to reduced capital 'investment, 
increased availability of electricity; reduced consumption of scarce fossil fuels leading 
to reduced green house gas emissions and lower cost of electricity boosting 
competitive advantage of sectors dependent on electricity. 
At all India level during FY08, against the energy shortage of 72.39 BUs, 46.52 BUs 
r 
	
	 of electricity generation loss was encountered due to forced outages and another 45.27 
BUs due to planned maintenance activities. Another 8.17% of electricity generated 
was consumed to power the auxiliary equipments. Improved performance in the form 
of reduced forced outages, planned maintenance durations and auxiliary power 
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consumption has the potential of narrowing down the demand supply gap 
substantially (TPR, 2008). 
Globally electricity production accounts for 32% of fossil fuel consumption 
amounting to 132. Of the 27 GT of CO2 emissions, about 41% i.e. 11 GT is 
contributed by fossil fuelled power plants (IEA, 2008). In India, the situation is far 
worse. CO2 emissions from fossil fuelled power plants constitute more than half of 
total GHG emissions in India (Planning Commission, 2010). A comprehensive 
environmental assessment of important industrial clusters earned out by MoEF 
indicate more than 85% of the industrial zones in India i.e. 75 out of 88 are severely 
polluted and many of these clusters have large coal based power plants nearby 
(CPCB, 2009). Performance improvement by way of reduced coal consumption can 
reduce green house gas emissions. 
The reduction of power costs is a problem of permanent importance to the industrial 
world (Knowlton, 1909). Cheaper electricity not only makes it affordable to the 
bottom strata of the society but also provides competitive advantage to many other 
segments of the economy, which depend on the electricity. Lower cost of electricity 
will make it more affordable for the people in the bottom of the pyramid directly as 
well as indirectly resulting in improved quality of life. 
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Chapter - 2 
PERFORMANCE EVALUATION APPROACHES AND ISSUES 
Performance evaluation is very critical to guide appropriate managerial interventions 
for performance improvement. In the context of a power plant, the definition and 
scope of performance measurement varies widely and can include dimensions like 
Reliability, Safety, Operational Performance, Costs, Financial Health, Innovation etc. 
with each dimension having several indicators. Operational performance of power 
plants is measured through a number of ratios like Operational Availability Factor 
(OAF), Forced Outage (FO), Planned Maintenance (PM), Plant Load Factor (PLF), 
Heat Rate (HR), Specific Coal Consumption (SCC), Auxiliary Power Consumption 
(APC), Emissions and Cost of Generation etc (CEA, 2008; Shumilkina, 2010; PGP, 
2010). Explanation of these technical terms already provided in the Technical Terms 
and Definitions section earlier. Performance can also be expressed in non-financial 
and financial terms. In the sections to follow national and global practices of 
performance evaluation of thermal power plants are analysed. 
2.1 Thermal Performance Review (TPR) 
The Central Electricity Authority (CEA) is the advisor to the federal government in 
the matters of electricity planning in the country. Section 73 (i) and (j) of Electricity 
Act, 2003 mandates CEA to collect & record data concerning generation, distribution 
and utilization of power in the country. CEA is also responsible for carrying out 
studies related to cost, efficiency, loss, benefits of such utilization and also make 
public aware form time to time information secured under this act through the 
publication of reports and investigation. As a part of this obligation, every year CEA 
collects the operational performance data of the thermal power plants and publishes 
the findings in the form of Review of Performance of Thermal Power Stations known 
as Thermal Performance Review (TPR). Review is carried out on fiscal year (FY) 
basis e.g. TPR, 2008 considers unit/ plant level performance during l April, 2007 
and 3l5' March, 2008. Since the interest of the current study is about the performance 
of coal fired power plants, the review is restricted to review of performance of coal 
fired thermal power stations only. 
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2.1.1 	Objective and Scope of TPR 
The reviews are carried out with an objective to serve as a useful guide for the utilities 
in identifying the factors affecting the performance of thermal power stations. This is 
intended to be a handy managerial tool for formulating and undertaking performance 
improvement exercises so as to improve the process of power generation (TPR, 2008). 
TPR covers the entire universe of power plants barring those commissioned / 
decommissioned during the year and is exhaustive in nature. Ratio analysis is being 
extensively used in the performance evaluation of thermal power plants in which the 
performance level of the plants is expressed in the form of a number of input to output 
(SCC, SFOC, APC, etc.) and output to input (PLF, OAF, etc.) ratios. 
The review covers the operational performance of all thermal power generating units/ 
plants which cover most of the coal, lignite as well as gas fired power generating units 
above 25 MW capacities, excluding those commissioned and retired during the 
financial year. Reviews undertaken during the period FY04 to FY08 are 
comprehensive and have covered more than 96% of the operational units. 
2.1.2 	Methodology and Parameters of TPR 
Performance of the power plants is reviewed from different aspects like generation 
performance; outage analysis; auxiliary power consumption; oil consumption, coal 
consumption, coal supply and station heat rate; energy conservation and audit; and 
renovation and modernization of thermal power plants separately. While generation 
performance and outage analysis is done at unit level, analysis of other performance 
parameters like APC, SCC, SFOC and SHR is carried out at station level. 
(a) Generation Performance Analysis 
While making generation performance assessment, no single performance index is 
considered as the sole indication of overall performance. FO, PM, OAF, Partial 
unavailability or partial loss (PU) and PLF are taken as the main performance indices 
for the purpose of analysis (TPR, 2008). Generation performance analysis details 
electricity generation based on geographical location, sector and covers unit level 
generation also, 
Electricity generation from assets located in different geographical regions (Northern, 
Western, Southern, Eastern and North Eastern); being managed under different 
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ownership structure (State, Central and Private sector) during different months by 
different capacity groups are analysed against targets. 
Unit level performance analysis of different power generating units in respect of 
electricity generation, PM, FO, OAF, reserve shut down (RSD), low system demand 
(LSD), Partial Unavailability (PU), and PLF. 
(b) Outage Analysis 
Outage analysis of the generating assets is carried out to understand the trend of PM, 
FO and OAF. PM is further divided in to annual maintenance (AM) and capital 
maintenance (CM) and analysed with respect to the programmed schedule. Actual 
number of units under maintenance and average duration of maintenance activities in 
different geographical regions/ by different sectors are analysed for different capacity 
groups of units against the programmed schedule. Maintenance durations, outage 
hours, MU Iost and generation loss as % of possible generation is analysed for 
individual units based on their geographical regions and purpose of maintenance. 
Annual generation loss because of FO of different equipments is analysed and 
compared for previous four years. For this purpose the equipments are divided into 
two broad categories main equipments consisting of boiler, turbine and generator; 
auxiliaries associated with boiler and turbine. Area i cause of outages is analysed in 
detail for individual capacity group of units separately. 
(c) Fuel Supply, Consumption and Station Heat Rate 
Coal fired power plants are primarily designed to use coal as primary fuel. Power 
plants consume about 75% of domestic coal produced in the country. Long term coal 
linkage to the power plants is provided by a Standing Linkage Committee — Long 
Term (SLC-LT) comprising members from planning commission and ministries of 
coal, railway and power. In the event of initial start up, low load scenarios etc. fuel 
oil is used as a secondary fuel. Compared to coal, oil is costlier and avoided to the 
extent technically permissible. The review analyses coal supply to power plants 
against linkages, coal and oil consumption by individual plants. The section on coal 
supply to various power plants analyses the status of supply of different fuels like 
coal, gas and oil to thermal power plants. Region wise yearly trends in SCC and 
secondary fuel oil consumption (SFOC), coal quality issues and coal washery, gas 
supply to various gas based power stations are also analysed. 
(d) Auxiliary Power consumption in Thermal Power Stations 
Power generating units consume a portion of electricity generated by them to power 
the auxiliary equipments. During FY08, on all India basis, the power plants consumed 
about 8.17% of electricity generated by them. This section details APC of individual 
plants and average consumption level across different capacities, manufacturers and 
geographical regions. The study also identifies plants consuming below national 
average and classifies in different APC bands. 
The review also includes other aspects of performance of thermal power plants like 
environmental, energy conservation and Renovation and Modernisation (R&M) of 
thermal power plants. 
2.1.3 	Findings of Thermal Performance Review 
The review makes use of average approach in which performance of plants is 
compared against the national average and placed in above average and below 
average bands. Current practice of performance evaluation of thermal power plants in 
India is based on ratio analysis involving a number of outputs to input (PLF) and 
input to output (SCC, APC, and SFOC) ratios. Because of the complexities of power 
generation process, it has not been possible to adopt a single numerical measure of 
overall performance as no single operating index can represent the entire spectrum of 
performance of thermal power stations (TPR, 1980; TPR, 1993) and adequately 
provide a measuring unit for over all performance of the power generating units (TPR, 
1995). The review does not provide any guidance to the less efficient power plants as 
to how much performance improvement is possible and the possible sources of best 
practices for benchmarking. 
2.2 EbsiIon Mapping and Model Analysis 
Indo-German Energy Programme (IGEN), is a joint program launched by MoP, Govt. 
of India and Deutsche Gesellschaft fur Technische Zusammenarbeit (GTZ), Federal 
Republic of Germany aimed at - a) providing support services for implementation of 
Energy Conservation Act 2001; b) improving the availability and efficiency of power 
plants; and c) develop clean development mechanism(CDM) in the power sector. 
Ebsilon mapping and model analysis (EMMA) was undertaken by IGEN to map the 
operational performance of 85 coal based power generating units against the design 
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parameters and actual site conditions to identify the critical areas and potential for 
operational performance improvement. 
	
2.2.1 	Scope of Ebsilon Mapping 
Ebsilon mapping and model analysis exercise included 85 power generating units 
aggregating 17.6 GW-of 45 thermal power plants located at 14 Indian states from four 
geographical regions of the country and being managed by 17 operators. Rated 
capacity of the units range from 100 MW to 500 MW. The sample included as many 
as I3 units aggregating to 3.5 GW from Mahagenco and 49 numbers of 210 MW 
units. 
2.2.2 	Methodology and Parameters ofEbsilon Mapping 
The study attempted to build a design model using Ebsilon software on the basis of 
design data and current operating data obtained from individual power plants. The 
design model was adjusted to create an operating model based on the current 
environmental condition and status of the machine. Simulations were then done using 
the actual coal and the design coal data to identify the potential performance gaps. 
The mapping process which analysed the Gross Heat Rate, Turbine Heat Rate, Boiler 
Efficiency and Auxiliary Power Consumption (APC) for different groups of units was 
more of technical in nature and only managerial aspects of the study relevant to 
current research is discussed here. 
2.2.3 	Findings of Ebsilon Mapping and Model Analysis 
The average operating gross heat rate vis a vis average design gross heat rate for 
different group of units is detailed in Table 6.. It is found that 100-110 MW group of 
units had highest operating heat deviations of 24.1% followed by 20.5% deviation for 
195-200 MW units. Assuming acceptable heat rate deviations of 7.5% of design heat 
rate, it is -observed that there is substantial scope for improvement in the operational 
heat rate. 
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Table 6 : Deviation in Operating Parameters from Design Values and Savings Potential 
Heat rate Dill Average Savings in Saving 
Unit No. 7.5% Boiler APC Coal Savings in 
Size of higher than Actual 
in Efficiency Range Sp coal in coal 
(MW) units design heat rate  Deviation (%) saving/unit Money Crlyr 
kcal/kWh 
100-  8 2594.3 2994.4 400.1 7.4 9.11- 0.11 655.05 91.7 
120- 5 2596.5 2894.5 298.0 7.0 10.02- 0.082 623.65 87.3 
•
1225 14.32 
140 4 2560.3 2822.9 262.6 6.0 - 8.91  14.60 0.072 273.56 38.3 
195- 5 2564.63 2873.6 309.0 6.1 8.07-  0.085 856.49 119.9 200 9  
210 49 2588.97 2765.8 176.8 4.8 807  0.049 3384.62 473.8 12.87 
250 5 2473.1 2685.6 212.5 4.4 8054 0.058 494.18 69.2 10.04 
500 5 2423.7 2561.3 137.6 6.1 7,50-  0.038 640.18 89.6 8.69 
Total 85 6927.7 969.9 
Source; IGEN, 2009 
It is observed that with improvement in heat rate of units in the 7.5% of the design 
heat rate band, as is normally accepted after R&M is undertaken for the units, saving 
of 6.92 million tons per year of coal can be expected for all the 85 units for which 
Ebsilon mapping studies were undertaken. In terms of money, this translates into Z 
969.9 Cr per year. This saving in coal could enable generation of about 9.6 BU per 
year if used in 500 MW units. The study also revealed that boiler efficiencies are 
close to design values i.e. within 7.5% band and deterioration in the turbine heat rate 
is the major factor for gross heat rate deviation (IGEN, 2009). 
APC has been found to vary in the range of 8% to 15N. The operation controllable 
parameters can reduce the APC by 0.2% to 0.3% for the best station, 1% for worst 
case from the high-end and other reduction needs the investment and use latest 
development in technology 
The study has recommended for improved maintenance practices, manpower 
planning, training of engineers, installation of, preferably, on-line monitoring system 
and updating of auto controls and instrumentation and total audit of plant functions 
covering management issues, delegation of powers and inventory management which 
are equally important to improve the plant performance. 
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2.3 Electricity Tariff Setting Process 
Electricity tariff refers to the cost of electricity, which the generator charges to the 
distribution company, and act as an indicator of the performance level of the power 
generating unit on cost front. In the recent years regulatory authorities have been 
established to fix electricity tariff, promote healthy competition in the sector and 
encourage performance improvement through incentives leading to reduced electricity 
tariff. This section analyses parameters used and methodology adopted to determine 
the tariff of the coal-fired power plants from performance evaluation aspects. 
	
2.3,1 	Objectives and Scope of Tar if j`'Setting Process 
In the 1970s when the generating assets were held by the licensees (in private sector) 
and SEBs, there were no codified tariff principles for determining electricity tariff. 
Tariff was governed by ESA, 1948 and was based on recovering costs and reasonable 
return on their net fixed assets. With the creation of central generating stations (CGS) 
in central sector under NTPC and NHPC, central government entered the tariff setting 
arena and tariff guidelines were issued for the first time in 1991. Central government 
assumed the responsibility of fixing the tariff of CGS leaving those of the SEBs to 
respective state governments. With the enactment of ERCA and establishment of 
electricity regulatory commissions, tariff setting process have streamlined. 
2.3.2 	Methodology and Parameters of Tariff Setting 
Before 1992, the tariff for thermal power was fixed such that the generator is able to 
fully recover the fixed costs at a normative PLF level of 62.8%, corresponding to 
5500 hours of generation during a year. While generation below this threshold PLF 
level penalized the generator on the recovery of fixed cost generation, PLF above the 
normative level yielded additional revenue. The scheme induced generators to 
generate more power irrespective of grid demand and was an acceptable practice 
during the days of acute power shortage. Thus in the single part tariff regime, PLF 
was the only yardstick of thermal power plant performance. On the basis of PLF, 
fixed as well as energy charges were computed for calculation of tariff. 
During the single part tariff regime while power plants located in regions having good 
demand for electricity could achieve good PLF, those in power surplus regions like 
Eastern Region (ER) were unable to achieve the normative PLF. As a result these 
plants were not able to recover their fixed charges, in spite of being available for more 
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duration in a year compared to their peers in other regions. The CGSs of NTPC 
located in ER were not able to generate the normative PLF of 62.8% for no fault of 
theirs and could not realize the fixed charges. In spite of the fact that other regions 
were starved of electricity, power stations in ER were forced to shut down because of 
grid constraints. The need for finding alternative measure of performance to PLF was 
felt and Govt. of India appointed a committee under the chairmanship of K. P. Rao to 
look into these aspects and suggest appropriate tariff measures. 
The committee submitted its report in June 1990 and recommendations included: 
• There is an urgent need to shift from undue emphasis on PLF as measure 
of performance. 
+ Disincentives for the SEBs to be removed so that they can back out their 
costly generation in favor of cheaper power from super thermal power 
stations, 
• The extent of backing down by the generator due to low system demand 
will be treated as deemed generation i.e. instead of PLF unit availability 
will be considered for reimbursement of fixed charges to the generator. 
• Threshold PLF level for full recovery of fixed expenses to be raised 
corresponding to 6000 hours per annum from 5500 hours for all regions 
except ER for which it was kept at 5500 hours because of grid constraints. 
• While Unit availability was considered for recovery of capacity (fixed) 
charges, PLF was the yardstick for incentive payable to the generator. 
• While the fixed charges were to be computed based on availability, the 
energy charges are to be calculated on the PLF. 
Disturbances in grid operation which were due to CGS could be taken into account by 
K.P. Rao committee. Instances of over-drawls during peak periods and under-drawl 
during off-peak period by SEBs still persisted and led to serious frequency excursions 
and threatened grid stability. Govt. of India engaged MIs ECC of USA to undertake a 
comprehensive study of the power system and suggest suitable tariff structure. M/s 
ECC submitted their recommendations in February, 1994 recommending availability. 
based tariff (ABT). The report was accepted by Govt. of India in November, 1994. 
ABT has three components comprising of Capacity or Fixed Charges, Energy Charges 
and Unscheduled Interchange (UI) charges. 
Total Tariff = Capacity Charge + Energy Charge + UI Charge 
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Full capacity charge was recovered at target availability (for NTPC stations this target 
was fixed as 80%). At zero availability no capacity charge shall be payable. Recovery 
of capacity charges below the level of target availability shall be on pro rata basis. 
Energy (variable) charges covers fuel cost and worked out on the basis of paisa/kWh 
on Ex-bus energy scheduled to be sent out from the generating stations and calculated 
based on normative operational parameters (heat rate, oil consumption and APC etc.). 
In order to maintain grid discipline Unscheduled Interchange (UI) charges were 
introduced to take care of variations in generation and withdrawal of power from the 
grid. UI for generating stations is being equal to its actual generation minus its 
scheduled generation. During low grid frequency, while generators generating more 
electricity than their declared schedule were rewarded those backing out of their 
commitments were punished. UI for beneficiaries is being computed based on their 
actual withdrawal and scheduled drawl. In addition to capacity charges, the generators 
are also being reimbursed incentive payment when the scheduled generation is more 
than the normative generation corresponding to the 77% PLF (CERC, 1999). 
Tariff regulation for the. period FY05 to FY09 passed by CERC set higher 
performance benchmarks for operational parameters with a view to achieve economy 
and improve efficiency of performance. SHR was reduced by 50 kcaI/kWh, SFOC 
reduced from 3.5 ml/kWh to 2.0 ml/kWh and APC reduced by 0.5%. The regulation 
also set norms for O&M expenses (CERC, 2006). A study conducted by Forum of 
Regulators revealed that the impact of higher performance benchmarks, reduced 
energy charges to the tune of 333 Cr/ year for NTPC stations alone (FOR, 2009). 
Tariff regulation for FY10 to FY14 which was issued by CERC on 20 x`' January, 2009 
allows full recovery of fixed charges at 85% OAF; puts a cap on O&M expenditure at 
13 lakhs/ MW (for 500MW unit); SFOC at I ml/ kWh; and OSH . margin of 6.5% 
from DSHR. (CERC, 2009). 
2.3.3 	Findings 
From the regulators perspective, it is observed that partial performance measures 
based on common ratios are used for relative performance evaluation and deciding 
incentives as well as disincentives. Average approach is adopted for setting a 
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normative value based on industry average method. Over the years more number of 
performance parameters has been included in the tariff determination process and 
regulators have tightened operating norms over the years. Analyses of global practices 
reveal, regulators worldwide have preferred overall performance measures in which 
multiple performance parameters are considered at a time, to partial measures and 
frontier measurement techniques over average methods (Jamshab and PoIitt, 2000; 
Ajodhia et at., 2003 and Shumilkina, 2010). 
2.4 National Awards for Meritorious Performance in Power Sector 
GoI has instituted several awards in power sector to recognize the operational 
performance and early completion of power projects in generation, transmission and 
distribution sector. The scheme started with Meritorious Productivity Award Scheme 
(MPAS), 1983 and has been modified over the years. In 2008 the scheme was 
modified as Comprehensive Awards Scheme (CAS), 2008. Under the scheme awards 
under different categories viz, operational performance of thermal, hydro and nuclear 
power plants; transmission systems; distribution companies and rural distribution 
franchises, early completion of thermal and hydro power plants, availability and early 
completion of transmission systems are given each year. 
Six awards are given for operational performance of thermal power plants which are 
relevant to the study are discussed in the sections to follow. 
2.4.1 	Objective and Scope of Meritorious Performance Award Scheme 
The objective of the scheme is to develop the spirit of competitiveness among the 
various power stations/projects in the power sector; encourage, and motivate the 
personnel engaged in the power projects/stations to improve the efficiency & 
productivity and show better results. The scheme was formulated with an objective to 
make available reliable, affordable & quality power supply for all consumers by 2012, 
a goal set by Ministry of Power (CAS, 2008). 
The scheme covers all coal/ lignite based and combined cycle gas turbine based 
thermal power stations in Central, State and Private sector (excluding captive power 
plants). Coal/lignite based thermal stations having units of size 100 MW or above and 
Combined Cycle Gas Turbine (CCGT) based power stations with at least one GT of 
size 30 MW or above are considered for award. 
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2.4.2 	Methodology and Parameters 
MPAS was instituted by Ministry of Power in 1983-84 and remained operative till 
1991-92. Under the scheme, cash awards under gold, silver and bronze category were 
given to power stations for generation of 7500 units/kW/year, 7100 to 7500 
unitslkW/year and 6600 to 7099 units/kW/year respectively on financial year basis 
corresponding to PLF levels of 85.62%, 81.05% and 75.34% respectively. The award 
scheme was modified in 1992 as Incentive Award for Efficient and Economic 
Operation of Thermal Power Stations (IAEEOTPS), 1992 to recognize power stations 
recording improved performance during peak hours and including two more awards 
for achieving improvements in SFOC consumption and APC over the previous years 
on calendar year basis. Power stations were awarded separately for their performance 
in each category i.e. PLF, Oil Consumption and APC. 
The incentive award scheme was further modified in 2004 as Thermal Power Stations 
Performance Awards (TPSPA), 2004 to include normative SHR and recognize all 
round performance by assigning weights to each of the operational parameters and 
integrating them to arrive at an composite index. There was a shift from recognizing 
the overall performance of the power plants instead of the partial performance 
indicators by assigning weights of 50%, 15%, 15% and 20% to Peaking PLF, Heat 
Rate, SFOC and APC respectively for coal / lignite based stations to arrive at an 
aggregate index. The award scheme was further amended in 2008 as CAS-2008 to 
include design station heat rate instead of normative station heat rate. Salient features 
of CAS-2008 are detailed in Table 7. 
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Table 7 ; Salient Features of Comprehensive Award Scheme 2008. 
Parameter Maximum Criteria Remarks Weightage 
National Avg. PLF 0 Marks on pro-rata basis For values 
in between. Generation during 
Peaking PLF 50% morning & evening peak hours ( 4 
90% PLF 50 hours each) to be extrapolated for 
the day and avera ed over the 	ear 
Deviation of 20% and 0 
Station Heat  above from DSHR Marks on pro-rata basis for values 
Rate l 5 ~0 Minimum deviation 15 in Between. 
from DSHR 
Compliance with 0 Marks on pro-rata basis for values Specific normative value in between. Maximum improvement Secondary ° 15 /o 
ions 
Norms for stations having different Fuel Oil from Normative value unit sizes shall be worked out on  onsumption C achieved during the year weighted average basis  by any station 
Compliance with Marks on pro-rata basis for values 
Normative value in between. 
Aux Power 
Consumption 20% Norms for stations having different Maximum improvement 
from Normative value 20 unit sizes shall be worked out on 
achieved during the year weighted average basis 
by any station 
Source: CAS, 200$ 
Under CAS a composite performance index is computed by assigning weights of 
50%, 15%, 15% and 20% to Peaking PLF, which refers to the PLF during peak hours; 
deviations from DSHR; Specific SFOC; and APC respectively. 
2.4.3 	Findings ofMeritorious Productivity Award Scheme 
Over the years the scheme has recognized PLF, OSHR, APC and SFOC as important 
performance parameters. In comparison to conventional partial approaches adopted in 
power sector, this approach attempts to create an overall performance measure 
through an index from four performance parameters. 
Even though the attempt to capture the all-round performance by integrating the 
operational parameters helped measure the overall performance, the approach adopted 
in aggregating the performance indicators by assigning a pre-determined weight 
matrix is criticized by experts because of the, subjective biases associated with the 
selection of weights (Cooper et al., 2007). 
The approach adopted in the award scheme by assigning weights to a set of partial 
performance indicators is valid as long as the indicators are relevant and able, to depict 
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the all round performance of the plants. The moment a parameter becomes irrelevant 
or few other parameters are required to be included in the decision criteria, the weight 
vector become irrelevant and needs a fresh look. 
2.5 Making Indian Power Plants World Class 
Confederation of Indian Industry (CII) is a non-government, not-for-profit, industry 
led and industry-managed organisation, playing a proactive role in India's 
development process. CII — Sohrabji Godrej Green Business Centre (CIIGBC), a 
developmental institution of CII, offers advisory services to the industry on 
environmental aspects and works in the areas of Green Buildings, Energy Efficiency, 
Water Management, Renewable Energy, Green Business Incubation and Climate 
Change activities (CIIGBC, 2011). A study was carried out by CIIGBC to catalyse 
and facilitate the improvement of operational performance of power generating units 
and make Indian power plants world class (CIIGBC, 2005). The objective of the 
study, parameters considered, methodology adopted and the findings of the study are, 
discussed. 
2.5.1 	Objective and Scope of Study 
The study was undertaken to catalyse continuous performance improvement of 
individual power generating units and achieve the world class standards. The 
objectives were to a) Identify the best operating parameters for coal and gas based 
thermal power plants; b) Identify and collate the best practices in Indian power plants 
which can be suitably fine tuned and replicated in various power plants to move 
towards achieving the benchmarking figures and c) Identify the state of the art 
technologies adopted in international power plants, which will help the Indian power 
plants reach world class standards. 
Scope of the study included collation and comparison of the operational performance 
data of coal based thermal power plants having installed capacity of more than 125 
MW and gas turbine and combined cycle power plants having capacity of more than 
100 MW for the benchmarking exercise. Data was collected from 16 coal based and 3 
gas based power plants. 
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	2.5.2 	Methodology and Parameters 
The study considered operational performance and good governance aspects of power 
plants through Q matrix and G matrix respectively. The Q matrix included operational 
performance parameters like FO, PM, OAF, PLF, SFOC, and APC etc. A 
comprehensive questionnaire and rating system was developed based on operational 
performance - Q matrix and good governance practices - G matrix. Points on graded 
scale were assigned for each of the relevant performance parameters aggregating to a 
maximum score of 100. Detailed questionnaire was prepared and sent to coal based 
power plants having installed capacity of more than 125 MW and gas turbine & 
combined cycle power plants of more than 110MW capacity. Filled in questionnaire 
were collected, compiled and analysed from 16 coal based and three gas power plants. 
Sector experts visited national and international power plants to identify best 
practices. 
2.5.3 	Findings 
Operational performance data for the years 2001-2004 were compiled from 19 power 
plants. The best and average performance parameters are detailed in Table 8. 
Table 8: Average and Best Performance Parameters of Thermal Power Plants. 
Description Best Parameters 
Average 
Parameters 
FO (%) 4.44 8.84 
PM % 1.03 8.23 
OAF % 93.60 82.93 
PLF % 93.18 74.82 
SFOC (ml/kWh) 1.20 1.37 
APC (%) 7.53 8.57 
The study has found that there is a significant gap between the average performance 
figures and the figures of the best performing power generating unit indicating 
tremendous potential for performance improvement. Based on the response received 
and a set of predefined weights for individual parameters, the composite scores for the 
Q matrix were evaluated. The composite score for the Q matrix ranged from 10,1 to 
62.6 out of 100 indicating substantial scope for improvement. 
The study concluded that if the availability factor of the existing thermal power 
generating units could be increased by 10%, from the present level, the capacity 
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addition requirement will come down by 12GW. This will reduce the investment 
requirement of about T 48,000 Crores. 
2.6 Performance of Generating Plant: New Metrics for Industry in Transition 
World Energy Council (WEC) is a multi-energy global organization established in 
1923. The mission of WEC is to promote the sustainable supply and use of energy for 
' 	the greatest benefit of all. The council has member committees in more than 93 
countries including most of the largest energy producing and energy consuming 
countries. Membership of the organization numbering over 3000 includes 
governments, industry and expert institutions. The organization covers all types of 
energy, including coal, oil, natural gas, nuclear, hydro, and renewable (WEC, 2011). 
2.6.1 	Objective and Scope of PGP 
Realizing the fact that the performance of generating plants is very vital for ensuring 
sustainable and reliable energy supply, WEC has formed a standing committee on 
Performance of Generating Plant (PGP). The PGP Committee was established 30 
years ago to enable the countries and electricity producers to evaluate the performance 
of the plants, detect their weaknesses, and gain experience from the succgssful 
performance improvement efforts of other producers. The committee's main objective 
is to promote international data exchange and best practices for generating plant 
performance and to achieve the most effective use of generation assets and energy 
resources worldwide (WEC, 2011). The committee has several working groups out of 
which WG1 and WG2 works on International Data Exchange and Power Plant 
Availability Statistics respectively. The committee has published its report 
Performance of Generating Plant: New Metrics for Industry in Transition (PGP, 
2010) detailing the challenges of measuring and improving performance within an 
increasingly complex electricity supply sector. 
2.6.2 	Methodology and Parameters ofPGP 
Because of the complexity and dynamics of the power generation process, 
performance evaluation and improvement of the generating assets has posed a tough 
challenge for the planners and managers alike. Performances of the assets are 
evaluated in the context of multiple objectives — reliability, availability, efficiency, 
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environmental performance, and flexibility. PGP has identified four primary 
indicators of plant performance namely: 
• Energy Availability Factor (EAF) 
• Load Factor (LF) 
• Planned Capacity Loss Factor (PCLF) 
• Unplanned Capability Loss Factor (ULF) 
These parameters are similar to OAF, PLF, PM and FO respectively used in Indian 
context. 
Benchmarking technique has been leveraged by the power generating companies for 
performance improvement exercises. Benchmarking data are pulled from three global 
databases namely Kraftwerk Information SSYstem (KISSY), Power Reactor 
Information System (PRIS) and Generating Availability Data System GADS. WEC 
also collects the performance data directly into the PGP database. Important features 
of the leading benchmarking databases are detailed below. 
(a) Kraftwerk Information SSYstem 
Kraftwerk Information SSYstem (KISSY) database which in German means "power 
plants information system" is operated by VGB, Germany. It is an association for 
power plant operators and currently has a membership of 12 different European 
countries. Data are collected on the base of rules and standards, methods and formula 
of a guideline, which has been developed by a panel of VGB members over 4 
decades. KISSY offers its online surface in six different languages and the database 
contains master data and design parameters of thermal power plant units. The 
operational data is captured through the availability and unavailability module. All 
data provider take part at the availability module, which means, they fill in datasets of 
about 30 different entries per unit — monthly in case of nuclear plants and yearly for 
all others. The unavailability module requires event data of incidents with the 
consequence of a planned, unplanned unavailability or an external influence. Data can 
be entered into KISSY by Internet, bulk import, csv-file or sending paper reports to 
VGB. While the VGB-KISSY administrators are able to see the original, non-
anonymous data, other users are able to evaluate and see data pertaining to selected 
classes of anonymous plants (KISSY, 2011). 
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(b) Power Reactor Information System 
Power Reactor Information System (PRIS), maintained by International Atomic 
Energy Agency (IAEA) is a comprehensive data source on nuclear power reactors in 
the world. It includes specification and performance history data of operating reactors 
as well as reactors under construction or reactors being decommissioned. Even though 
nuclear power is not of much interest to the area of research, the database is discussed 
to understand what aspects of plant performance are captured in the database. The 
reactor specification data consist of basic information (location, operator, owner, 
suppliers, milestone dates) and design technical characteristics. The performance data 
includes energy production and loss data as well as outage and operational event 
information. 
The database has a detailed classification of energy losses and provides 
comprehensive outage coding system, so that a set of internationally accepted 
performance indicators are calculated from the PRIS performance data. The indicators 
can be used for benchmarking, international comparison or analysis of nuclear power 
availability and reliability from reactor specific, national or worldwide perspectives. 
The analysis can be suitably utilized in evaluation of nuclear power competitive 
advantages compared with other power sources (PRIS, 2011). 
(c) Generating Availability Data System 
North American Electric Reliability Corporation (NERC) is a self-regulatory 
organization, subject to oversight by the U.S. Federal Energy Regulatory Commission 
and governmental authorities in Canada. Since 1968, NERC has been committed to 
ensuring the reliability of the bulk power system in North America. To achieve the 
objective, NERC develops and enforces reliability standards; assesses adequacy 
annually via a 10-year forecast and winter and summer forecasts; monitors the bulk 
power system; and educates, trains, and certifies industry personnel. Generating 
Availability Data System (GADS) of NERC is a unique series of databases to collect, 
record, and retrieve operating information for improving the performance of electric 
generating equipment. GADS Services group manages the system GADS for NERC 
(NERC, 2011). 
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(d) PGP Database 
The PGP database contains two types of data: unit by unit and groups of units' data 
and captures design as well operational data. As of July 31, 2010 the database contains 
information about 48,498 units aggregating to 7748 GW with an average unit capacity 
of 161.83 MW and data reported for 115 years. POP database can be accessed by 
anyone anytime from everywhere. It is always available via Internet (WEC, 2011). 
Everyone can register and receive permission to enter the data pool, which may help 
to answer questions like: 
• What availability could be demanded from and should be guaranteed by 
the supplier, when a new plant is ordered? 
o What energy unavailability has to be taken into account, when a decision 
prefers one big unit — two half-sized units? 
• How long will a revision last in an average year in a peer group? 
• Do we have to encourage power plant staff to reduce repair time, because 
comparable plants show higher factors? 
The benchmarking methodology adopted is performance ranking through deciles or 
quartiles. The distribution of equivalent availability factor (EAF) and equivalent 
forced outage rate (EFOR), in terms of deciles, for US coal-fired generation from 
2002-07 are shown in Table 9. 
Table 9: Benchmarking of EAF and EFOR of US Coal Fired Power Plants During 2002-06 
EAF, A to achieve 
Top 10% 
A to Achieve Top 
25% 
EFOR, 
% 
A to achieve 
Top 10% 
A to Achieve 
Top 25% 
Top 10% 96.2 10.4 2.7 0.8 7.4 0.9 
Top 25% 93.5 7.7 - 1.7 6.5 - 
Average 85.8 - (7.7) 8.2 - (6.5) 
Bottom 
25% 77.0 (8.8) (16.5) 19.7 (11.5) (18.0) 
Source: WEC, 2010 
Building on the benchmarking framework illustrated above, it has been found that to 
move from average EFOR performer to top-quartile and top-decile would require 
improvements of 7.7% and 10.4%, respectively. This provides concrete means for 
defining capital investment and changes in O&M necessary, to reach such targets and 
to define the costs/risks associated with such aspirations. 
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To address this issue of how much is the value — in terms of increased net margin 
from power sales worth, PGP committee have developed a spreadsheet-based tool to 
compare/contrast performance within the context of financial performance. It provides 
a mechanism for analysing and presenting a thorough availability and economic 
comparison for various facilities, technologies, and market designs. Cost implications 
and sensitivity analysis of undertaking EAF and EFOR improvement in regulated and 
de-regulated markets is shown in Figure 5. 
Figure 5: Cost Implications and Sensitivity Analysis of Undertaking EAF and EFOR 
Improvement in Regulated and De-regulated Markets. 
Source: WEC, 2010 
It is observed that while above average performance in respect of EAF and EFOR 
results higher margin, below average performance imposes higher penalty in a de-
regulated market when compared with a regulated one. 
2.6,3 	Findings 
Analysis of power plant performance data compiled by the PGP committee has shown 
a substantial gap between the worldwide average performance and that being 
achieved by top performing plants. It has been estimated that eliminating that gap 
would result in savings of US$80 billion per year. Since the existing plants could 
operate with higher availability, there would be no need to design, finance, build and 
operate additional capacity. Moreover, this improvement in performance would 
reduce GHG emissions by one GT (Olga Tonnes = 109 tonnes) of CO2 (approximately 
4% of the total global emissions) per year, along with proportional reduction of other 
pollutants. This could be implemented at an average benefit to cost ratio of 4:1. In 
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fact, if these areas are not improved, new technology plants will be unable to achieve 
their inherent superior performance potential. 
2.7 Energy Efficiency Indicators for Public Electricity Production from Fossil 
Fuels 
Organisation for Economic Co-operation and Development (OECD) is a unique 
forum where the governments of thirty democracies work together to address the 
economic, social and environmental challenges of globalisation. OECD provides a 
setting where governments can compare policy experiences, seek answers to common 
problems, identify good practice and work to co-ordinate domestic and international 
policies (OECD, 2011). 
The International Energy Agency (lEA), an autonomous body was established in 
November I974 within the framework of the OECD to implement an international 
energy programme and carries out a comprehensive programme of energy co-
operation among twenty-seven of the OECD thirty member countries. In the recent 
years, countries are under tremendous pressure to put caps on the CO2 emissions if 
not reduce it. At the 2005 summit in Gleneagles, leaders of G8 countries expressed 
serious concerns over carbon emissions and asked the IEA for advice on how to 
achieve a clean, clever and competitive energy future. In response to this, IEA 
conducted a study titled Energy Efficiency Indicators (EEI) for Public Electricity 
Production from Fossil Fuels (IEA, 2008). 
2.7.1 	Objective and Scope of EEl 
Improved energy efficiency is often the most economic and readily available means of 
improving energy security and reducing greenhouse gas emissions. To support better 
energy efficiency policy-making and evaluation, IEA is developing in-depth 
indicators of 'energy use, efficiency trends and CO2 emissions and published 
Worldwide Trends in Energy Use and Efficiency: Key Insights from IEA Indicator 
Analysis. The report included indicators examining the efficiency of electricity 
generation from fossil fuels. This information paper expands on the key results for the 
electricity generation sector. The additional analysis includes efficiency indicators for 
electricity production from the individual fossil fuels, as well as an analysis of the 
sensitivity of the results to some of the key assumptions. 
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2.7.2 	Performance Parameters and Methodology 
The study considered one input — gross energy inputs and one output — gross energy 
output, and the energy efficiency indicator was computed to evaluate the energy 
efficiency of electricity production. lEA statistics provide a consistent set of data for 
all countries in which energy inputs for both electricity plants and combined heat and 
power plants (CHP) are based on net calorific values; and energy outputs are defined 
as the gross production of electricity and heat. In the case of electricity, this is defined 
as all the electricity produced including the auxiliary electricity consumption and 
losses in transformers at the power station. The data on fuel inputs to public electricity 
and CHP plants and electricity and heat outputs from these plants are taken from IEA 
statistics. 
In CHP plants the combined production of heat and electricity is more efficient in 
terms of the use of primary energy compared to separate production of heat and 
electricity. However, heat extraction causes the energy efficiency of electricity 
production to decrease. The loss of efficiency depends on the temperature of the heat 
extracted. To account for this, a correction for heat extraction is applied. 
To counter the effects of unusual circumstances in a particular year leading to higher 
or lower than average efficiencies for electricity production in a particular country, 
the fuel-specific efficiencies presented for each country or region are the simple 
average of efficiencies over the five years from 2001 to 2005.The average efficiencies 
of all fossil-fuelled electricity production for the 2001 to 2005 period are the weighted 
average of the annual fuel-specific efficiencies. 
2.7.3 	Findings 
Electricity production is responsible for 32% of total global fossil fuel use, accounting 
for 132 EJ, and 41%, or 10.9 GT of energy-related CO2 emissions. Improving the 
efficiency of electricity production therefore offers economic benefits and a 
significant opportunity for reducing dependence on fossil fuels, which helps to 
combat climate change and improve energy security. 
The global average efficiencies of electricity production are 34% for coal, 40% for 
natural gas and 37% for oil. For all fossil fuels, the global average efficiency is 36%. 
Wide variations are seen in efficiencies amongst countries, with OECD countries 
typically having the highest efficiencies. The level of efficiency has been slowly 
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improving in recent years in most countries. However, significant fuel and CO2 saving 
potentials still exist. Across all fossil fuels the technical fuel savings potential found 
to be between 21 EJ (exajoule = 1018 Joule) and 29 EJ per year, with an associated. 
CO2 reduction potential of 1.8 GT CO2 to 2.5 GT CO2 per year. The, largest savings 
are. from improving the efficiency of coal-fired plants, which alone could provide 
savings of between 15 EJ and 21 EJ (1.4 GT CO2 to 2.0 GT CO2). On a regional basis, 
just less than half the global savings would come from OECD countries, with the 
remainder from developing countries. 
The average efficiency of electricity production from coal in both public electricity-
only and public CHP plants averaged over 2001 to 2005 is 37% in the OECD 
countries as compared to 32% in non-OECD countries. Average efficiencies of coal 
plant in individual countries range from 27% in India to 43% in Denmark. Amongst 
OECD countries the spread of efficiencies is more limited, from 36% in the United. 
States to 43% in Denmark. Since 1990, the average efficiencies of coal-fired plants 
have risen in most countries, with increases of about half a percentage point in OECD 
countries and of two percentage points in non-OECD countries. Average efficiency of 
electricity production from coal is shown in Figure 6. 
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Figure 6 : Efficiency of Electricity Production from Coal in Public Electricity and CHP 
Plants. 
Source: WA (2008) 
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2.8 Challenges and Issues in Performance Evaluation 
In this chapter performance evaluation of thermal power plants being carried out by a 
cross section of national and global organizations were studied to understand the 
approaches, parameters used, methodology adopted and significant findings. The 
salient features of different studies are: 
(a) Ratio Analysis 
Ratio analysis which is a popular measure of the performance indicator of power 
plants is directional in nature; even though easy to compute but extremely difficult to 
interpret in view of the fact that different ratios provide different indications and no 
ratio provides a overall measure of performance. 
(b) Partial Approaches 
Partial approaches are being adopted to evaluate the performance levels of power 
plants, by considering only one performance indicator like PLF, Availability or Heat 
Rate and disregarding other parameters (NEP, 2005; TPR, 2006). 
(c) Subjective Bias Associated with Assignment of Weights 
The approach adopted by Govt. of India in aggregating the performance indicators in 
the comprehensive award schemes, by assigning a pre-determined weight matrix is 
criticized by experts because of the subjective biases associated with the selection of 
weights. 
(d) Flexibility to Include or Ignore Parameters 
The approach adopted in the award scheme by assigning weights to a set of partial 
performance indicators is valid as long as the indicators are relevant and able to depict 
the all round performance of the plants. The moment a parameter becomes irrelevant 
or few other parameters to be included, the weight vector become irrelevant and needs 
a fresh look. 
(e) Ranking Comparison 
The relative ranks of power plants arrived at, by aggregating the partial performance 
indicators; depend to a large extent on the selection of weights. Very often it happens 
that plants are ranked better because of favorable weights than actual performance 
(Cooper et al., 2007). 
50 
(D Irrelevance of Average Approach.  for the Better Units/ Plants 
The average approach adopted by CIIGBC study provides guidance for few poorly 
performing plants but the study is not of much relevance for the units/ plants whose 
performance parameters are better than average. 
(g) Slack Estimation and Target Setting 
Current measurement practices, fail to identify the performance gaps and prescribe a 
Specific, Measurable; Attainable, Realistic and Timely achievable (SMART) target 
for the less performing power plants which has been achieved by others and can be 
achieved. 
(h) Guidance on Benchmarking 
Several studies have recommended that higher levels of performance can be achieved 
through performance benchmarking (CIIGBC, 2005; CEA, 2008). None of the studies 
have identified which efficient plants to be benchmarked by which less performing 
plants and why. 
Performance of power plants have several dimensions with each dimension being 
described through several partial productivity indicators. These indicators fail to 
provide overall health of the plant, performance gaps and possible improvements. In 
spite of the keenness of planners, administrators, regulators and industry bodies to 
measure and improve the performance of power plants, current practices have several 
shortcomings and fail to guide managerial intervention. 
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Chapter -3 
LITERATURE REVIEW 
To address the challenges and issues encountered in performance evaluation of coal 
fired power plants, efforts have been made in this chapter to have a comprehensive 
review of literature covering performance evaluation techniques, productivity change, 
performance evaluation studies in different sectors in Indian context and performance 
evaluation of power utilities in generation, transmission and distribution sector of 
different countries. The purpose is to identify the gaps in the works done so far, so 
that current study can be proved to be useful for the practitioners and policy makers. 
3.1 Performance Evaluation Techniques 
Objective of any production process or a firm is to create value by transforming inputs 
to outputs. Outputs in the form of goods and services, in general are desirable 
implying more is better. Inputs on the other hand are valuable resources, having 
potential for alternative usage facilitating unspent inputs in a production process to be 
utilized to produce more outputs of the same kind or other indicating lesser 
consumption is better. The twin objectives of efficient resource utilization by a firm 
are .(a) to produce as much output as possible from a specific quantity of input and at 
the same time, (b) to 'produce a specific quantity of output using as little input as 
possible (Ray, 2004). While the performance of a firm is its resource utilization 
ability and productivity is a descriptive measure of performance. Productivity refers to 
the efficiency with which resources are transformed to goods and services. 
Several techniques have been used to quantitatively estimate and benchmark the 
productivity levels of various processes. The classic measure of productivity as the 
ratio of output to input, which does very well for the single input and output 
processes, fares badly with the increasing complexity of the modern day business 
processes which in reality makes use of multiple inputs to deliver multiple outputs. 
Various benchmarking techniques used for performance evaluation are detailed in 
Table 10. (Ajodhia et al., 2003; Hirschhansen and Cullman , 2005). Out of these 
econometrics techniques like OLS and its variants, indexing and data envelopment 
analysis are most commonly adopted worldwide for measuring utility performance 
(Shumilkina, 2010). 
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Table 10 : Performance Evaluation Techniques 
Performance Evaluation Techniques 
Partial Approach Multi Dimensional Approach 
Frontier Methods Average Methods 
Non Parametric Parametric Parametric Induced 
Approach 
Partial Performance 
indicators 
DEA SDEA SFA MOLS COLS OLS TFP 
The techniques can broadly be categorized in to partial approach - in which one or 
two parameters are considered at a time and multi dimensional approach in which 
multiple parameters which can be broadly categorized into inputs and or outputs are 
taken into account simultaneously. 
Partial approach uses a set of partial performance indicators (PPI) which capture the 
relation between two variables at a time. This approach is easy to compute and quite 
meaningful in single input single output contexts but looses much of its relevance for 
multiple input multiple output processes because of their inability to provide 
information about other parameters. This makes the approach also called ratio 
analysis, directional in nature. Ratio analysis is often criticized on the ground of 
subjectivity, because an analyst has the tendency to pick and choose favorable ratios 
in order to assess the overall performance of a firm (Malhotra and Malhotra, 2007) 
and have the tendency to attribute the gains to one factor, which actually was 
contributed by another (Cooper et al., 2007). 
The limitations of individual ratios led to multi dimensional approach, in which 
multiple ratios are captured to provide an overall indication of performance. Common 
examples of this approach are Human Development Index, Comprehensive Award 
Scheme 2008, Altman's Z Score etc. Multi-dimensional approaches attempt to 
aggregate the PPIs into a composite indicator (CI). Even though the Cis has remained 
extremely useful for the policy planners and decision makers, devising a universally 
acceptable aggregation technique posses a tough challenge till date. Subjectivity 
associated with selection of weights lies at the centre of controversy. Nardo et al. 
(2005) discusses several approaches to assigning weights like Principal Component 
Analysis (PCA), Factor Analysis (FA), Data Envelopment Analysis (DEA), Benefits 
of the Doubt Approach (BoD), Unobserved Components Model (UCM), Budget 
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Allocation (BAL), Public Opinion, Analytic Hierarchy Process (AHP), Conjoint 
Analysis (CA) and aggregation techniques like Additive Aggregation Methods, Non-
compensatory Multi Criteria Approach (MCA) and Geometric Aggregation. 
Taking further the coefficient of resource utilization of Debreau (1951) and gauge 
function of Fenchel (1953), Shephard (1953) introduced the concept of distance 
function which was subsequently used by Farell (1957) for measuring efficiency 
directly from observational data. In situations where multiple inputs are used to 
produce multiple outputs, distance functions are used to represent the production 
technology and calculate the technical efficiencies or shadow prices (Kumbhakar et 
al.,2003). Technical efficiency (TE) of a firm reflects its ability to minimize usage of 
inputs to produce a given amount of output or maximize production of outputs from a 
given bundle on inputs. The firm which uses the least input or maximum output is 
called technically efficient and has a TE score of 100%. 
The strength of distance function approach lies in its ability to specify multiple-input, 
multiple-output technology in absence of price information or in cases where cost, 
profit or revenue function cannot be used due to behavioral constraints (CoelIi and 
Perelman, 1999), Distance functions can be categorized into two categories namely 
output distance function and input distance function. While the output distance 
function estimates the extent of output augmentation from the existing input set, the 
input distance function explores the possibility of contracting the input vector 
proportionally with the output vector held fixed. 
Farell (1957) provided the modern efficiency measurement concepts which can 
accommodate multiple inputs, multiple outputs and non-constant return to scale. 
According to him the efficiency of a firm consists of two components: Technical 
Efficiency (TE) - the ability of a firm to obtain maximal output from a given set of 
inputs and Allocative Efficiency (AE) - the ability of a firm to use the inputs in 
optimal proportions, given their respective prices. These two efficiency measures 
when combined together provide the measure of total Economic Efficiency (EE) of a 
firm. Firms using optimal input and output combination are said to be fully efficient, 
lie on the efficiency frontier and have a TE of I i.e. 100%. 
TE of other firms is their productivity index relative to the hypothetical firm 
producing maximum output possible from the same input quantity and can be 
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measured by measuring the distance of the production possibility set for the firm from 
the unit isoquant of the fully efficient firm (Ray, 2004). Some of the firms in the 
frontier have non-zero slacks; these firms are called weakly efficient ones and are 
Farrell efficient. Finns having zero slacks are Pareto-Koopmans efficient and called 
strongly efficient ones (Cooper et aL, 2007). 
Theoretically identical sets of inputs should produce identical output quantities by all 
firms, which are rarely observed. The set of firms producing maximum possible 
output occupy what is called the frontier. Estimation of the productivity gaps and 
identification of the factors responsible for the gap has remained a tough challenge for 
the researchers. The production function of a truly efficient firm is not known in 
practice and thus must be estimated from observations of firms in the industry 
concerned (Coelli, 1996). 
Frontiers have been estimated using many methods, the two principal methods used 
are Stochastic Frontier Analysis (SFA) and Data Envelopment Analysis (DEA) 
(Coelli, 1996). Both the methods employ quite different methodologies for frontier 
estimation and efficiency measurement, each with associated strengths and weakness. 
The strength of SFA lies in its ability to handle statistical noise and suffers from the 
drawback of requiring strong assumptions as to the form of the frontier. Basic DEA 
does not require any assumptions for the functional form of the production function 
and have the disadvantage of assuming no statistical noise. The advantages of DEA 
emanates from its ability to identify the quantum of input and output slacks along with 
peer groups for benchmarking. Recent developments in the form of 2-stage and 3-
Stage DEA (Yang and Politt, 2007), Stochastic DEA (Brazdik, 2005) have been 
reported in the literature and augmented the statistical noise handling capability of 
DEA. 
DEA is a linear programming based, non parametric, frontier approach used to 
measure the relative performance level of homogenous firms consuming a bundle, of 
identical inputs to produce similar outputs. These homogenous units are called 
Decision Making Units (DMU) in DEA literature and can include banks, hospitals, 
municipalities etc. DEA is used to evaluate the performance of each observation 
relative to the frontier that envelopes all of the observations. DEA was proposed by 
Charnes, Cooper and Rhodes (1978) and the basic DEA model assuming constant 
0X1 
return to scale (CRS) is also called CCR model. DEA provides information about the 
quantum of input reductions and output enhancements that can be achieved based on 
the achievements of other firms. The advantage of DEA is that it is a non-parametric 
approach which does not require the assumption of a functional form of the 
production function as required by parametric methods like Stochastic Frontier 
Analysis (SFA). The efficiency scores arrived are not based on theoretical 
considerations but based on the achievements of the efficient DMUs and the amount 
of possible improvement can be quantified. 
The primal DEA model also called multiplier model explores to find the set of 
optimal weights for the inputs and outputs that maximizes the ratio of weighted 
outputs to weighted inputs subject to the condition that the ratio of weighted outputs 
to weighted inputs for other DMUs lie between 0 and 1. 
The dual DEA model attempts to carve out hypothetical DMUs from the Iinear 
combination of existing DMUs, which consume not more inputs to produce at least 
the same level of outputs as that of the real DMU. If it is not possible to have one or 
more hypothetical DMUs, then it is neither possible to contract the input bundle nor 
augment the output Ievels without deteriorating other parameters. Such DMUs are 
called efficient and the loci of the operational parameters of such efficient units 
determine the 'efficient frontier. Otherwise the hypothetical DMU becomes a role 
model and the constituents of the hypothetical DMU become the peers for the real 
DMU, whose best practices can be emulated by benchmarking to achieve improved 
targets. Various models of DEA incorporating returns to scale, orientations, weight 
restrictions, types of variables have been formulated over the years to take care of the 
real world problems (Cooper et al. (2007). While the Input Oriented DEA model aim 
at exploring possible input contractions without deteriorating current output Ievels, 
the Output Oriented model aim at finding possible output augmentations without 
exceeding the currently consumed input levels. 
Assuming that N DMUs produce M outputs from K inputs, for the its' DMU which 
transforms input vector x; to output vector yi and assuming variable return to scale, 
using input oriented DEA, the technical efficiency 0 can be evaluated by solving the 
following linear programming problem: 
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min o,.i 0, 
St 	-y + Y2 ? 0, 
Ox;-X2 ? 0, 
N 1'2. =1 
A>_0, 
Where X is the KXN input matrix, Y is the MXN output matrix, ? is a NXI vector of 
constants. The technical efficiency 0 obtained is called the Farrell efficiency score for 
i h` DMU and 7 is the weight vector for the DMU. Pareto Koopmans efficiency 
measure can be estimated by maximizing the input and output slacks (Coelli, 1996). 
Ideally plants should operate at an optimal scale and at most efficient scale. However 
imperfect competition, constraints on technology, finance, etc. may restrict these 
plants operate at their most productive scale size (Coelli, 1996). Investigation of 
Return to Scale (RTS) properties of a plant is important to guide the managers in 
scaling up or scaling down their operations to make it more efficient. The initial CCR 
model without taking scales of operation into account was subsequently modified by 
incorporating Variable Return to Scale (VRS) in the BCC model by Banker, Charnes 
and Cooper (Banker et al., 1984) and allows investigation of RTS properties with the 
help of DEA. BCC model evaluates the TE under CRS and VRS assumptions with the 
difference attributed scale inefficiency. 
DEA has been extensively used as a tool for performance evaluation, slack estimation, 
target setting and identification of peer units for benchmarking of many different 
kinds of entities engaged in many different activities in many different contexts in 
many different countries. Sample applications of DEA include Airports, Banking, 
Coal Sector, Educational Schools, Hospitals, Institutes and Universities, Gas Industry, 
Ports, Power Sector, Railways, Road Transportation. Telecommunication, Water 
Supply, maintenance activities of US Air Force bases in different geographic 
Iocations, police forces in England and Wales, (Thakur, 2007; Cooper et. at., 2007). 
Ramanathan (2005), Cooper et al. (2007) and CoelIi (1996) are sources of excellent 
reference on DEA. Emrouznejad et al. (2008) surveyed the application of DEA to 
theoretical developments as well as real-world applications from inception to 2007. 
Emrouznejad and Witte (2010) proposed a unified model for non-parametric 
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performance modeling titled COOPER framework to make the assessments more-
reliable, more repeatable and less costly. 
Several studies have been reported in the literature comparing various frontier 
techniques. Banker et al. (1991) compared two leading frontier estimation methods: 
Corrected Ordinary Least Square (COLS) and DEA. The study revealed while COLS 
perform better for the classical distribution case with sample sizes of 50 or over; DEA 
performs better for all non-classical inefficiency distributions. Jamasb and Politt 
(2001) have surveyed the use of benchmarking methods in the OECD and few other 
countries and found that electricity regulators world wide use a variety of methods for 
benchmarking with a notable preference for the non-parametric methods. 
Hirschhausen et al. (2006) applied DEA and SFA to electric distribution utilities in 
Germany and found high degree of correlation between both the methods. 
In view of the power and appeal of the methodology, DEA based productivity 
management framework, comprising of performance measurement, slack estimation, 
target setting and benchmarking, is an ideal candidate for achieving productivity gains 
of Indian power plants. 
3.2 Productivity Change 
Productivity change refers to change in output without change in input. While 
increase in output is termed positive growth and indicates over all progress, decrease 
in output indicates regress. Solow (1956) estimated that while one-eighth of the total 
increase in GNP of US during 1909 to 1949 was contributed by increased capital per 
man-hour, remaining seven-eighths was attributable to other factors what Solow 
termed Technical Change. In fact Solow (1956) used the phrase Technical Change, as 
a short hand expression for any kind of shift in the production function. Thus 
slowdowns, speed-ups, improvements in the education of the labor force, and all 
shorts of things will appear as Technical Change. Popular methods of measuring 
productivity change are index number based approaches, parametric approach and 
non-parametric approach (Mongia and Sathaye, 1998). The drawbacks of index 
number based approach are requirement of prices information and assumptions 
concerning the behavior of producers and structure of technology. The difficulty with 
the parametric approach is the knowledge of the production function. In situations 
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where either the cost information is not available or misrepresented or the structure of 
the production function is not known, Malmquist Productivity Index (MPI) is used to 
measure TFP change. This was developed by Caves, Christensen and Divert (1982) 
from the Malmquist's (1953) quantitative index for consumption analysis and Farell's 
(1957) distance function approach. MPI is a bilateral total factor productivity index, 
uses frontier approach to measure productivity change (TFPCH) between two periods 
and can be further decomposed to Technical- Change and Efficiency Change. 
Technical Change (TECHCH) measures the degree of the frontier shift i.e. changes in 
the efficient frontier between the two periods and captures innovation, invention and 
diffusion of technology, slowdowns, etc. Efficiency Change (EFFCH) measures the 
technical efficiency change of the firm between two periods and captures the catch-up 
efforts to the frontier of the firm to become industry leader. Catch-up is the ratio of 
(efficiency of the production point (x1+5, yt+ti) with reference to t+ 1 frontier) and 
(efficiency of the production point (xi, yt) with reference to t+l frontier). Coeli (1996) 
and Cooper et al. (2007) provide detailed explanation to MPI. EFFCH can be further 
decomposed into Scale Efficiency Change (SECH) and Pure Efficiency Change 
(PECH). Mean of the indices is the geometric mean. While indices of more than one 
indicates progress, less than and equal to one indicates regress and no change 
respectively. 
Output based MPI between two different time periods involving two production 
points (xt, yt) 'and (xt+i, yt+i) is represented as: 
112
mil^ D'(xt +t,yt +r) X Dr +1(xt+i,yt+1} 
Ds(xi, yr) 	Dt + i(xi, yr) 
Where Di (xi, yt) is the distance function and represents the efficiency of conversion of 
inputs xt  to outputs yt during the period t. 
Productivity change of a power plant refers to a situation when the power generation 
changes without changes in capacity, coal and other input parameters. 
3.3 Performance Evaluation Studies in Indian Context 
In the recent years researchers have applied frontier techniques like SFA and DEA for 
performance evaluation, slack estimation, target setting and analysing total factor 
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productivity change of different segments like Food Processing Industries(AIi at al., 
2007) , IT Industry (Mathur; 2007), Banks (Debashish,2006; Galagdera and 
Edirisuriya, 2007) , Sunrise Industries (Kumar, 2004), Coal Mines (Kulshreshtha and 
Parikh, 2004), Pharmaceutical Firms (Tripathy at aL, 2009; Pannu et al., 2010), 
Power Utilities (Chitkara, 1999; Nag, 2004; Shanmugam and Kulshrestha, 2005; 
Thakur, 2005; Yadav at al., 2008). Many of the studies also attempted to unravel the 
determinants of inefficiency in the past to guide future policy planning and 
managerial intervention for improving the performance level. 
Mathur (2007) analysed the performances of the Indian IT industry using DEA and 
computed the TFP change of the software firms during 1996 to 2006, using MPI. The 
results indicate that size of firms is important for exports but not for technical 
efficiency. The analysis also revealed that the average TFP for 1996-2006 is more 
than one signifying technical progress during the period. 
Galagdera and Edirisuriya (2007) studied the performance of Indian commercial 
banks during the period 1995-2002 using DEA and MPI. The study revealed that there 
was no significant growth in productivity during the sample period 1995 and 2002. 
While the productivity grew at 5.8% in 1996, it deteriorated by approximately 0.5% 
per year during 1997 and 1998 indicating deterioration in bank performance. The 
variations of efficiency by asset size indicate, largest banks are technically more 
efficient and the smaller banks less efficient. They have also observed a small 
difference in the performance of the public and private sector banks due to modest 
growth in public sector banks in contrast to no growth in private sector banks. 
Ali at al. (2007) estimated the relative performance of food processing industry in 
India. The study revealed that the mean technical efficiency of the industry at about 
0.902 with average scale efficiency of 0.870. The industry was estimated to have 
grown ' at a rate of 10% per annum during 1980-81 to 2001-02. The productivity 
growth was mainly contributed due to shift in the production frontier attained by way 
of increased doses of capital input with contribution from technical efficiency change. 
Tripathy at al. (2009) analysed the relative performance of the R&D intensive and 
non-R&D intensive Pharmaceutical firms in India using DEA, MPI and Tobit 
Regression. The authors have found that the introduction of the new patent regime, 
export of goods , inflow of FDI and the profitability of the firms as the key 
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determinants of efficiency in these firms. The study revealed that R&D intensity and 
import of capital of goods increases the efficiency of the R&D and non R&D firms 
respectively. Pannu et al. (2010) analysed the impact of innovation on the 
performance of Indian Pharmaceutical industry using DEA and MPI and found that 
sales growth is driven by DEA efficiency, size and age. 
3.4 Performance Evaluation of Power Utilities 
Numerous studies have been reported in the literature studying the performance level 
of power utilities of USA, China, India, Japan, Israel, Spain, Turkey, Germany and 
other countries in distribution as well as generation sector. Golany et al. (1994) 
studied the relative performance level of thermal power plants in Israel. Chitkara 
(1999) and Arocena and Price (2002) attempted to measure the efficiency of power 
generation units in India and Spain respectively. Olatubi and Dismukes (2000), Lam 
and Shiu (2001) and Sueyoshi (2001) studied the performance levels of electric 
utilities in US, China and Japan respectively. 
Arocena and Price (2002) studied the effect of regulation on the public and private 
electricity generators in Spain. The study concluded that public coal powered 
generation plants were more efficient than those in the private sector under cost of 
service regulation. Price cap regulation have proved to be highly effective incentive 
mechanism for the private sector in its short run operating decisions and achieved its 
objective of stimulating efficiency. 
Olatubi and Dismukes (2000) analysed the performance of coal fired electric power 
plants in US for the year 1996 using DEA with Employee Cost, Capital Cost of the 
plant, Cost of coal, oil and gas burnt, and Variable cost as inputs and Net generation 
as output, had observed that capital is over utilized by most plants in consistent with 
the Averch-Johnson effect, which states that firms operating in regulated industries 
tend to overcapitalize to maximize profits. 
Using DEA and assuming individual provinces, autonomous regions and 
municipalities as DMUs, Lam and Shiu (2001) estimated the efficiency of China's 
Thermal power generation during 1995 and 1996. The study revealed that plants in 
provinces and autonomous regions, which are not under the control of the State Power 
Corporation, achieved higher Ievels of efficiency. 
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Applying a two-stage hierarchy, Cook and Green (2005) investigated the relative 
operating efficiencies of a set of electric power plants. The study considered full 
operating hours, sudden and forced outages, equipment de-rating maintenance 
expenditure and occupied hours as inputs and outputs. Sarica and Or (2005) assessed 
the efficiency of Turkish power plants using DEA. The study revealed that private 
sector plants perform significantly better than the public sector plants. 
Taking into account utilisation of net capacity, energy losses and operating expenses, 
Vaninsky (2006) applied DEA to estimate the efficiency of electric power generation 
in the United States during 1991 to 2004. The findings  pointed to a relative stable 
efficiency from 1994 to 2000 at levels of 99%-100%, and a sharp plunge to 94.61% in 
2004. 
Yang and Politt (2007) applied six DEA models to evaluate the performance of 
Chinese coal-fired power plants and explore the determinants of less efficient plants. 
The study found significant contribution of uncontrollable variables like age of the 
power plants, average capacity of power generating units etc. 
The study carried out by Park and Lesourd (2000) on the conventional fuel power 
plants in South Korea revealed the BCC efficiency of older plants is significantly 
lower. The study carried out by Shanmugam and Kulshrestha (2005) have also found 
that the effect of age on TE is negative @ 0.56% / year. Yang and Politt (2007) have 
also observed that age affects the technical efficiency of coal fired power plants. 
Because of technological developments newer units are of higher capacity and better 
design. However studies investigating if the performance variation is because of age 
or unit capacity are rare. 
The operational efficiency of NTPC power plants was analysed by Chitkara (1999) 
using DEA. The study found that the performance of some units can be improved by 
renovation and repowering while the performance of some other units can be 
improved by extensive training of operating personnel. 
Using stochastic production function methodology, the study carried out by 
Shanmugam and Kulshreshtha (2005) from the unbalanced panel data of 385 
observations covering 56 Indian thermal power stations during the period 1991-1992 
to 2000-2001 revealed that a) Efficiency varies widely across plants and regions, b) 
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The average technical efficiency is approximately 73%, indicating a substantial scope 
for increasing thermal power generation and c) The western region is technically more 
efficient than other regions and newer plants are more efficient compared to older 
plants, 
Thakur and Kaushik (2004) had studied the performance of Indian electric 
distribution utilities i.e. the SEBs or their unbundled subsidiaries using DEA. They 
have found the existences of cost inefficiency i.e. majority of SEBs are not operating 
at the desired level of cost. Such performance analysis could help inefficient SEBs 
benchmark against efficient SEBs and improve their efficiency, which will reduce the 
cost of output, thereby benefiting the consumers. They have argued for legal 
provisions to maintain a free and transparent performance database for access by 
public on demand. In another study, Thakur (2005) had assessed the mean efficiency 
levels of Indian distribution utilities at 68% and the efficiency of 14 out of 26 utilities 
lie below the average value. She had also observed majority of the SEBs do not seem 
to operate at the optimum levels and there exist scale inefficiencies and suggested that 
restructuring and downsizing the present operations may help the utilities to reduce 
their scale inefficiencies. 
Making use of DEA, Nag (2006) proposed a framework to estimate the carbon base 
line for power generation in India till the end of I I"' five year plan period (2010-11) 
based on the Specific Coal Consumption (SCC), APC, Secondary Oil Consumption 
and Plant Availability. 
Realising the importance of the performance improvement of coal fired power plants 
in India, CIIGBC undertook a study titled "Make Indian Power Plants World Class", 
to catalyse and facilitate performance improvement of power generating units. The 
study identified best operating parameters for coal and gas based thermal power plants 
and collated certain best practices which can be further fine tuned and customized to 
move towards achieving the benchmark figures. The study also revealed that efficient 
utilization of the existing generation assets, could bring down the capacity addition 
targets by a whooping 12 GW saving investment to the tune of 7 48,000 Crores. 
Dash et al. (2008), while exploring alternative matrices for India's future power 
demand have observed that there is substantial scope for improvement of the 
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performance of the thermal power plants and suggested for aggressive action plans for 
augmenting the current output levels. 
3.5 Conclusions from the Chapter 
Studies have suggested existence of substantial gap in the performance level of Indian 
thermal power plants mainly the coal fired ones (CIIOBC, 2005; Subramanian, 2010; 
Sharma, 2010). Performance improvement of these plants offer a host of benefits in 
the form of cheaper, more and reliable power; lesser consumption of scarce fossil 
fuels, emission reductions, better utilization of generation assets etc. there by de-
bottlenecking GDP growth and improving the quality of living of the people. 
Performance evaluation practices being followed in India in respect of power plants 
are partial in nature and based on average approach as a result identification of overall 
performance gap is missing. 
There has been a shift in performance measurement approach a) from partial 
measures to overall measures in which the all round performancg of firms are, 
measured and b) average to frontier approach in which the performance of a firm is 
measured not in comparison to industry averages but by making comparison with the 
industry leaders. 
Over the years DEA had emerged as a leading frontier performance evaluation tool 
and applied to many sectors by researchers and practitioners alike. Several studies 
have been reported in literature, applying DEA for performance evaluation of 
different segmbnts of Indian economy also. DEA had also been applied by researchers 
for performance evaluation of power utilities in generation, transmission and 
distribution segments internationally. Regulators worldwide apply DEA for 
performance evaluation, benchmarking, target setting and formulating incentive 
mechanism for power utilities. 
In the context of Indian thermal power plants, overall performance evaluation is rare 
and does not seem to have addressed the key issues like relative performance 
evaluation, slack estimation, target setting, benchmarking and productivity change. 
C. 
Chapter -4 
OBJECTIVES AND METHODOLOGY 
Power has remained as a key driver of Indian growth story and continual power 
shortage has remained as a major bottleneck for economic growth (Planning 
Commission, 2010). One reason why China is ahead of India is its robust power 
sector with about 860 GW of installed capacity and 100 GW capacity addition per 
year compared to 150 GW of installed capacity and capacity addition @ 3.5 GW per 
year. Growth of Indian economy is severely plagued by poor and unreliable supply of 
electricity (Airy, 2009). Performance of power sector is in the centre of attention of 
policy makers and governments. For a country Iike India, where the per-capita 
electricity consumption is among the lowest and the economy is emerging as a 
determining global economic power, making available adequate electricity . in a 
sustainable manner possesses a tough challenge for the decision makers. 
4.1 Research Gap 
Capacity addition alone is not the panacea for eliminating the acute power shortage. 
Several studies (Parekh, 2001; CIIGBC, 2005; Sharma, 2010) have emphasized the 
need for efficiency improvement of existing infrastructure for narrowing the demand 
supply gap. The study conducted by CII (CIIGBC, 2005) has identified that improved 
performance of coal fired power generating units has the potential of raising the 
availability factor by 10%, which can reduce the demand for capacity addition target 
by 12 GW requiring investment of about Z 48,000 Crores. Subramaniam (2010) 
estimated the loss of power to the tune of 4 GW due to inefficiency of the plants. 
For undertaking any performance improvement exercise it is essential to measure the 
current performance level; identify the quantum and sources of performance gap and 
locate the sources of best practices which can be emulated by less efficient plants for 
performance improvement. 
Performance evaluation of thermal power plants being carried out by industry is beset 
with a host of issues like average approach, directional in nature and suffers from 
subjective bias etc. The study undertaken by Chitkara (1999) is quite old and limited 
to NTPC power plants. Making use of SFA, the study carried out by Shanmugam and 
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Kulshrestha (2005) only estimated the relative performance level of the coal fired 
power plants and did not address the issues of slacks, achievable targets and peer units 
for benchmarking. 
In absence of a robust performance evaluation and improvement framework, the 
policy planners and decision makers are at a loss as to undertake focused performance 
improvement exercises. At present targets are set based on average methods like 
increasing availability to 85% (NEP, 2005; CIIGBC, 2005) and PLF to 60% (TPR, 
2007) which is only relevant for those performing below average. The approach does 
not provide any guidance for those performing just above average and wish to become 
industry best. 
The current state of academic research and industry practices seem to justify the 
present study entitled "Performance Evaluation of Thermal Power Plants in India" 
aimed at performance trend analysis; relative performance evaluation; slack 
estimation; target setting; benchmarking framework and analyzing the productivity 
change. 
4.2 Objectives and Hypotheses 
Seven objectives in line with the research gap (§ 4.1) have been identified for this 
study. These objectives are presented below under three headings. 
4.2.1 	Performance Trend Analysis 
1. Analyse the trend key operational parameters of coal fired thermal power plants in 
the recent years and investigate variations across operators, months and regions. 
The following four null hypotheses are formulated to work on this objective: 
H1 _1: Operational availability of coal fired power plants in India is uniform round the 
year. 
H1_2: The planned maintenance activities are planned uniformly round the year. 
H1_3: Planned maintenance duration does not depend on the operator. 
H, 4: Forced outage durations are uniform round the year. 
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4.2.2 	Performance Evaluation, Slack Estimation and Target Setting 
2. Evaluate the current performance level of coal fired thermal power plants in India. 
3. Quantify the amount of excess inputs being consumed by the less efficient power 
plants and set achievable targets. 
4. Prepare a ranking of the power plants. 
5. Identify a benchmarking framework for improving the performance of the Iess 
efficient plants. 
The nature of the objectives listed at § 4.2.2_ is such that no hypotheses need to be 
formulated to achieve them. Performance level of individual plants will be evaluated 
by creating a hypothetical plant from the linear combination of other existing plants, 
which consume less inputs than the real plant and produces at least the same output as 
being produced by the real plant. The objectives will be achieved by DEA of input 
and output parameters. 
Consider the performance of Vindhyachal STPP during FY04. The installed, capacity, 
APC, SCC, PM, FO and PLF during the year was 2260 MW, 9.00%, 0.600 kg/kWh, 
12.29%, 2.37% and 82.5% respectively. This translates to electricity generation of 
16.3BU; coal consumption of 9.8 million tones; auxiliary power consumption of 1.47 
BU; and generation loss of 2.43 BU and 0.47BU because of planned maintenance and 
forced outage. Methodology adopted for computing yearly aggregate values from 
performance parameters is explained while defining technical terms and definitions. 
The objective is to explore the existence of any other plant or linear combination of 
plants which has generated or could have generated at least 16.3 BLJ of electricity 
during the year from lesser installed capacity; have consumed less coal and auxiliary 
power and have caused lesser generation loss due to planned maintenance and forced 
outage. 
Quantum of excess inputs being consumed will be evaluated by comparing with the 
hypothetical plant and ranking of the plants will be based on VRS technical 
efficiencies. Peer units involved in the construction of hypothetical plant will be the 
sources of best practices for benchmarking. 
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6. Analyse the performance of the power plants based on age and capacity of the 
plant, region in which it is located and sector in which it is being managed. 
The following four null hypotheses are formulated to work on this objective: 
1161: Technical Efficiencies of the plants do not vary across different age and 
capacity groups. 
H6_2: Technical Efficiencies of the plants do not vary across different geographical 
regions. 
H6_3: Technical Efficiencies of the plants do not depend on the sector in which the 
plant is being managed. 
4.2.3 	Productivity Change 
7. Analyse the total factor productivity change of the plants during FY04 and FY08. 
4.3 Research Design and Sampling 
In the light of the objectives discussed above, a descriptive type of research design 
has been considered appropriate for the study. In India thermal power plants are 
primarily fuelled by coal, gas or diesel. While the gas based power generation is 
plagued by inadequate gas supplies, the diesel fired ones are used in case of 
contingencies like islands (CEA, 2008). Under such circumstances coal fired power 
plants accounting for about 52% of installed capacity cater to the tune of 65% of 
domestic power requirement. Coal based generation constitute about 80% of thermal 
power generation. IEP (2006) envisages a dominant role for coal based power plants 
in future also. To maintain homogeneity, coal fired power plants which generate some 
amount of electricity during a financial year (as monitored by CEA) are considered in 
this study. PIants like Muzzafarpur, Bongaigaon etc. which generated no electricity 
during FY05, FY06 and FY07 are excluded from the study. Plants like Muzzafarpur, 
Bongaigaon etc. which generated no electricity during FY05, FY06 and FY07 
excluded from the study. Captive coal-fired power plants are not included in this 
study as they are not monitored by CEA for their performance. With this background, 
74 coal-fired power plants are selected for the present study from all over the country. 
For each plant the data is collected for five fiscal years (FY04 to FY08). The sample 
therefore consists of 370 (74 X 5) decision making units (UMUs). 
4.4 Data Collection and Analysis Techniques 
Electricity Act, 2003 (EA, 2003) mandates Central Electricity Authority (CEA) to 
collect & record the data concerning the generation, distribution and utilization of 
power. CEA is also responsible for carrying out studies related to cost, efficiency, 
loss, benefits of such utilization and also make public aware form time to time 
information secured under this act through the publication of reports and 
investigation. While working for the above set objectives, secondary data compiled by 
CEA, Central Electricity Regulatory Commission (CERC) and Ministry of Power 
(MoP) is used and missing data is collected from respective power plants/ operators. 
Performance data is compiled and published on financial year basis. In the study also 
uses the performance parameters for the financial year. To indicate financial year 
2003-04, FY04 is used. To moderate the exceptional good or bad performance during 
a particular year, the performance of the plants is considered in a five year horizon 
from FY04 to FY08 and average performance level is evaluated over the period. 
Performance parameters which are normally expressed in ratio form and do not depict 
the scales of operation were converted to yearly aggregates to account for different 
scales of operation. 
The seasonal variations of key operational parameters were investigated using 
ANOVA and post-hoc Games Howell test. 
Relative performance level of the coal fired power plants are evaluated using non 
parametric Data Envelopment Analysis (DEA). The impact of environmental 
variables like geographical region, management structure, age and average unit 
capacity on technical efficiency are investigated by using ANOVA and post-hoc 
Games Howell test. 
Total Factor Productivity (TFP) change of the power plants is measured using 
Malmquist Productivity Index (MPI) and decomposed into efficiency change and 
technical change. The TFP indices for the power plants during the period FY04 to 
FY08 are computed using DEA and MPI. The periods FY04 to FY05 is termed as 
period 1, FY05 to FY06 as period 2 and so on. 
4.5 Variables and Orientations 
For complex power generating plants, which use multiple inputs to produce one or 
more outputs it has been difficult to represent the performance level though any single 
indicator (TPR, 1980; TPR,1993 ; CEA,2008). In making the performance assessment 
of thermal power plants, no single performance index is being used as the sole 
indication of overall performance and Forced Outage (FO), Planned Maintenance 
(PM), Operating Availability (OAF), Plant Load Factor (PLF) , Auxiliary Power 
consumption (APC) are used as main performance indices (CII — Godrej GBC, 2005; 
CEA, 2008). 
Kopp and Smith (1980) observed capital and fuel as most important inputs to the 
production technology of coal fired power plants. Capital for the power plants 
consists of two components: Installed Cost and Running Expenditure in the form of 
fuel cost and maintenance expenditure. In absence of exact installed cost and non-
relevance of capital cost for the power plants commissioned in diffcrent ages, 
installed capacity has been considered as a proxy for the installed cost. (Kopp and 
Smith, 1980; Lam and Shiu, 2001; Shanmugam and Kulshrestha, 2005). 
True measure of fuel consumption is the heat energy contributed by primary coal and 
secondary fuel oil and is measured as station heat rate (SHR). Many of the power 
plants do not report this figure because of commercial reasons. In absence of station 
heat rate, specific coal consumption has been considered as a reasonable proxy for 
fuel (Chitkara, 1999; Shanmugam and Kulshrestha, 2005; Nag, 2006). 
While some studies (Lam and Shiu, 2001; Yang and Politt, 2007) consider labor as 
input, few other studies (Kopp and Smith, 1980; Shanmugam and Kulshrestha, 2005) 
have excluded labor citing non-substitutable for fuel and capital. Besides labor is not 
considered as a variable in the performance assessment of Indian power plants (MoP, 
2008; CII, 2007; CEA, 2009) and retrenchment of excess labor is not resorted 
normally because of issues related to harmonious industrial relations. 
Significant portion of expenditure incurred by power plants is in the form of 
maintenance costs. In absence of explicit maintenance cost which is not available for 
most of the power plants, duration of plant shutdown due to planned maintenance is 
considered as a proxy for maintenance expenditure. 
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In the Availability Based Tariff regime, power plants get reimbursed their fixed 
charges based on the plant availability. In case they fail to demonstrate when asked 
for or otherwise because of forced outage, the generator has to cough up hefty penalty 
for their unreliable operation. During the peak period when there is shortage of 
electricity, FO can result in penalties far beyond what electricity generation could 
have earned. To account for the unreliability of power generation, FO has been 
included as a proxy for these expenses. 
Considering the fact that the power plants consume about 10% of electricity generated 
to run the auxiliary equipments, few studies (Chitkara, 1999; Shanmugam and 
Kulshrestha, 2005; Nag, 2006) have included APC as a variable. 
In view of the circumstances explained earlier, electricity generated during a fiscal 
year is considered as output. Capacity of the plant, generation loss due to planned 
maintenance and forced outage, along with coal and auxiliary power consumed during 
a year are considered as inputs. 
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Chapter - 5 
DATA ANALYSIS AND INTERPRETATION - I: 
PERFORMANCE TREND ANALYSIS 
As discussed earlier, the performance of power plants have several dimensions like 
Reliability, Safety, Operational Performance, Costs, Financial Health, Innovation etc. 
and each dimension having several indicators. Operational performance, of a power 
plant is described through a set of parameters like Operational Availability Factor 
(OAF), Plant Load Factor (PLF), Planned Maintenance (PM), Forced Outage (FO), 
Auxiliary Power Consumption (APC), Specific Coal Consumption (SCC), Heat Rate 
(HR) are being considered as the key performance indicators (TPR, 1980; TPR, 
2008; Shumilkina, 2010; PGP, 2010). In this chapter trends of key performance 
parameters at national level during FY80 to FY08, on monthly basis during FY99 to 
FY08, at plant and unit level during FY04 to FY08 are analysed. Monthly trends of 
OAF, PM and FO during FY99 to FY08 is examined to gain further insights. The 
trend of APC, HR and fuel supply scenario are also analysed. 
5.1 Operational Availability 
In the availability based tariff (ABT) regime, OAF determines the extent of fixed cost 
recovery for power plants, gets echoed in policy documents (NEP, 2005) and several 
studies (CIIGBC, 2005; PGP, 2010). During FY08, 385 coal/lignite fired power 
generating units aggregating to a total capacity of 70.5 GW recorded availability of 
84.76% and generated 475.5BUs of electricity at a PLF of 78.75%. 1% increase in 
OAF leads to 5.6 BUs of electricity generation potential and corresponds to about 840 
MW of -additional capacity utilisation, which could be more with growing installed 
capacity. CIIGBC (2005) had estimated that 10% improvement of OAF could reduce 
capacity addition by about I2 GW freeing capital investment of Z 48,000 Crores. 
5.1.1 	Availability Trends 
Unit outage of 3.65 days during a year pulls down the'availability by 1%. Availability 
and unavailability trends of coal/lignite fired power plants at all India level during 
FY80 to FY08. is shown in Figure 7. 
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Figure 7: Trends in Outages and Unit Availability during FY80 to FY08 
From Figure 7 it is observed that over the years there is significant improvement in 
the availability of power generating units due to reduced PM and FO. There have 
been several attempts to cut down equipment outage due to PM, which resulted below 
10% PM figures of 9.94, 9.87,. 8.83 and 7.50 during FY85, FY88, FY94 and FY08 
respectively. However lower PM levels could not be sustained for long time. All India 
PM level which was above 10% till FY01, has been capped under 10% and attained 
7.50% during FY08. There has been a significant improvement in the FO front also, 
which varied from 24,19% to 7.71%. Over the years improved operation and 
maintenance practices resulted in reduced PM and FO levels leading to increased 
OAF of plants from 68.93% during FY80 to 84.76% during FY08 an increase of 
22.96%. 
Analysis of unit level availability reveals that during FY04 and FY08, the availability 
varied between 0% and 99.98%. Budge Budge Unit # 2 during FY08 and Dahanu 
Unit #1 during FY05 has recorded highest availability of 99.98%. On the contrary, 
several units remain unavailable round the year thus having lowest availability of 0%. 
It is observed that about 2 GW of installed capacities have availability below 5% i.e. 
less than 18.25 days a year. On the other hand about 10 GW of installed capacity 
remain available for more than 95% of time. 
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5.1.2 	Month wise OAF 
To explore the seasonal trends in the plant availability, month wise OAF during FY99 
to FY08 are analysed. Monthly OAF figures computed by CEA in its thermal 
performance reviews for different years are shown in Table 11. 
Table 1 1 : Month wise OAF at All India level 
FY99 FY00 FY01 FY02 FY03 FY04 FY05 FY06 FY07 FY08 
April 80.96 82.29 80.03 80.78 83.42 83.10 87.21 85.49 84.02 87.08 
May 80.67 81.96 81.44 81.13 81.37 82.45 83.56 83.43 85.24 89.30 
June 80.04 80.37 80.04 79.18 80.71 80.72 81.22 83.49 84.02 86.29 
July 74.60 76.94 75.16 75.51 79.48 76.80 82.20 76.80 80.02 78.20 
August 75.80 77.45 73.99 74.71 79.69 77.40 76.34 74.91 78.90 79.21 
September 75.16 78.20 75.50 77.55 76.97 79.14 80.75 74.45 79.68 80.15 
October 76.01 76.29 79.60 78.43 81.18 81.69 79.85 81.97 82.98 83.01 
November 78.79 75.69 81.55 80.20 83.01 80.76 81.65 80.61 82.73 85.14 
December 79.01 80.55 82.88 82.18 83.73 83.42 84.68 82.37 84.33 85.94 
January 81.34 82.69 82.94 82.32 85.74 85.68 85.49 85.38 87.19 87.05 
February 80.56 82.81 81.54 83.66 83.36 85.04 86.48 86.45 87.49 87.49 
March 83.64 83.56 83.55 83.52 83.22 86.89 85.96 86.38 88.08 88.15 
From Table 11, it is observed that the average OAF fluctuated from 73.99% (August, 
FY01) to 89.30% (May, FY08). To understand the statistical. significance of the 
variation of month wise average OAF figures, ' the null hypothesis HI_s that 
"Operational availability of coal fired power plants in India are uniform round the 
year is tested using one-way ANOVA. For this purpose the SPSS input considered, 
is of the form shown in Table 12 and ANOVA results in Table 13.. 
Table 12 : Sample Input Data for ANOVA of month wise OAF, PM and FO 
Year Month Month Code PM FO OAF 
FY99 January 1.00 7.56 9.75 82.7 
FY99 February 2.00 8,49 8,7 82.8 
FY99 March 3.00 8.64 83.6 
FY99 April 4.00  I6.62 82.3 
FY99 May 5.00 E7.20  10.82 82 
FY99 June 6,00  16.74 80.4 
FY99 July 7.00 . 12.1 1O,97 76.9 
FY99 August 8.00 12.9 9.69 77.5 
FY99 September 9.00 12.1 9.73 78.2 
FY99 October 10.00 13.5 10.18 76.3 
FY99 November 11.00 14.9 9.44 75.7 
FY99 December 12.00 9.91 9.54 80.6 
Contd .. 
FY08 December 12.00 6.4 7.66 85.9 
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Table 13 : One-way ANOVA Results of Month wise OAF 
Sum of Squares df Mean Square F Sig. 
Between Groups 943.360 11 85.760 15.951 .000 
Within Groups 580.652 I08 5.376 
Total 1524.012 119 
It is observed that there is significant difference in the month wise OAF levels during 
FY99 to FY08, F (11, 108) =15.951, p < 0.01. The null hypothesis is thus rejected at 
significance level of 1% indicating operational availability of coal fired power plants 
in India are not uniform round the year i.e. different during different months. 
Significant differences in the month wise OAF levels evaluated using Post hoc 
Games-Howell test are detailed in Table 14. The results indicate that the mean OAF 
during January is significantly higher than that during July, August, September and 
October by 6.81%, 7.95%, 6.94% and 4.44% respectively. 
Table 14: Significant Differences in Month wise OAF 
Month Jan Feb Mar A r My Jun Jul Aug Sep Oct Nov Dec 
January 6.81 7.95 6.94 4.44 
February 6.87 8.01 7.00 
March 7.26 8.40 .7.40 4.89 
Aril 5,75 6.89 5.88 
May 5.39 6.53 5.52 
June 5.02 
July 5.29 
Au ust 6.43 
September 5.43 
October 
November 5.29 6.43 5.43 
Maximum difference in OAF levels (8.40%) is observed between March and August. 
Higher OAF registered during March may be due to achieving the year-end targets. 
5.2 Planned Maintenance 
Trend of PM at all India level is shown in Figure 7. PM includes Annual Maintenance 
(AM) of boiler, Capital Maintenance (CM) of turbo generator, Preventive 
Maintenances and other short duration maintenances (TPR, 2008). Generation loss on 
this account has come down from 12.52% during .FY83 to 7.50% during FY08. 
During FY04 and FY08, plant level PM varied between 0 to 82.77%. Plants with PM 
of 2.13% lie in 1s` decile, and with PM of 17.63% occupy the 9th decile, indicating 
any plant to remain in the top 10% have to bring down the PM below 2.13%. 
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Equipment wise analysis of PM ,durations during FY04 to FY08 reveal, about 35% to 
50% of PM is due to AM of boiler, 15% to 20% accounted for by CM of turbine and 
the remaining due to Preventive Maintenance and other short duration maintenance 
activities. Plant level analysis of operational performance during FY04 to FY08 reveal 
many plants (Paras, FY06; Bakreswar, FY07; Ramagundam B, FY05 and FY08; 
Dahanu, FY06 and SouthGen, FY05) in different sectors have clocked 0 PM levels 
without deteriorating corresponding FO levels (5%). On the contrary many plants 
like Barauni, Harduaganj, Patratu and Tenughat have reported PM levels exceeding 
50%. During the year FY07, Barauni reported PM of 82.77%. Unit level analysis 
depicts more disturbing pictures of maintenance activities. Unit level PM goes to as 
high as 100% and as many as 107 power generating units aggregating to 7 GW 
remained unavailable round the year for undertaking planned maintenance activities 
during the period FY04 to FY08. 
Capacity group wise analysis of PM between FY00 and FY07 indicate that lowest PM 
of 3.09% was recorded by the 250 MW group of units during FY03 and FY04 while, 
highest PM of 49.46% was recorded by 50/57.5 MW group of units during FY06. 
5.2.1 	Month wise PM Durations 
Month wise variation of PM during FY99 and FY08 shown in Table 15 indicates the 
average PM durations varied from 3.88% (March, FY08) to 15.85% (August, FY01). 
Table 15 : Month wise PM 
FY99 FY00 FY01 FY02 FY03 FY04 FY05 FY06 FY07 FY08 
April 9.68 7.09 9.78 9.42 6.93 8.69 4.56 7.56 6.22 5.33 
May 8.80 7.22 8.16 7.53 6.60 8.62 6.75 7.93 6.93 4.00 
June 8.68 8.89 9.22 7.94 7.25 8.59 9.43718 8.38 6.03 
July 13.43 12.09 13.16 11.33 9.48 10.80 10.03 14.56 10.79 13.82 
August 14.48 12.86 15.85 13.91 10.71 11.47 14.31 15.15 12.57 I3.42 
September 14,18 12.07 13.62 12.38 13.2I 11.42 I0.85 14,61 12.71 12.61 
October 13.60 13.53 10.45 11.38 9.93 8.53 10.12 10.64 8.87 8.02 
November 9.85 14.87 8.02 10.12 8.29 9.31 8.77 10.03 9.54 7.66 
December 11.95 9.91 7.89 9.00 6.38 8.09 7.23 8.00 7.61 6.40 
January 9.15 7.56 6.79 7.77 6.35 5.87 5.71 7.11 7.22 4.95 
February 7.31 8.49 7.35 7.20 6.56 6.13 6.26 5.51 5.25 4.48 
March 7.23 7.81 6.00 6.20 7.89 5.60 4.64 5.12 4.98 3.88 
To test the statistical significance of the variation of month wise PM durations, the 
null hypothesis H12 that "The planned maintenance activities are planned uniformly 
round the year" is tested using one-way ANOVA. The results are shown in Table 16. 
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Table 16: One-way ANOVA Results of Month wise PM 	' rn t.)t~~`  
Sum of Squares df Mean Square F Si 	. 
Between Groups 725.314 11 65.938 27.623 .000 
Within Groups 257.805 148 
Total 983.119 119 
The results indicate significant difference in the month wise PM levels during FY99 
to FY08, F (11, 108) =27.623, p < 0.01. The null hypothesis is thus rejected at 
significance level of 1% indicating planned maintenance activities are not uniform 
round the year. Post hoc Games-Howell test is carried out to find out the significant 
differences in PM durations and the results are listed in Table 17. Post hoc results 
indicate lower PM during July, August, September - and October. Row-1 of Table 17 
indicates that the PM durations during January is significantly lower compared to that 
during July, August, September and October by 5.23%, 6.92%, 6.08% and 3.69% 
respectively. 
Table 17: Significant Differences in Month wise PM Durations 
Month Jan Feb Mar A r May Jun Jul Aug Sep Oct Nov Dec 
January -5.23 -6.92 -6.08 -3.69 
February -5.52 -7.21 -6.37 -3.98 
Marcie -6.09 -7,78 -6.94 -4.55  -3.85 
April -4.8 -6.49 -5.65 
May -5.02 -6.71 -5.87 -3.48 
June -3.87 -5.56 -4.72 
July 
August 
September 
October -3.23 
November -3.94 
December -4.! 1 -5.8 -4.96 
5.2.2 	Operator wise PM Durations 
To further understand the variation of PM durations across operators, the null 
hypothesis Hi_3 that "Planned maintenance duration does not depend on the operator" 
is tested using one-way ANOVA. For this purpose the PM durations of the 74 plants 
being operated by 23 different operators during the five year period FY04 to FY08 is 
considered as input. The input data format is shown in Table I S. 
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Table 18: PM Durations of Different Plants and Operators 
Plant Operator Period PM Operator Code 
Amarkantak MPGPCL FY04 1.90 17 
Amarkantak 
Ext. MPGPCL FY04 13.92 17 
Anpara UPRVUNL FY04 2.89 28 
Badarpur NTPC FY04 3.92 19 
Contd .. 
Vindhyaehal NTPC FY08 5.45 19 
Wanakbori GSECL FY08 5.72 10 
The results of one-way ANOVA are presented in Table 19 and indicate significant 
variation of PM across operators, F (22,347) = 18.969, p < 0.001. 
Table 19 : ANOVA Results of PM across Operators 
Sum of Squares df Mean Square F Sig. 
Between Groups 22798.840 22 1036.311 18.969 .000 
Within Groups 18957.522 347 54.633 
Total 41756.362 369 
Post hoc Games-Howell test is carried out to identify significant operators and the 
results are shown in Table 20. Post hoc analysis reveals that of the 23 operators, the 
PM durations of as many as 13 operators (CESC, DPL, GSECL, HPGCL, KPCL, 
MahaGenco, MPGPCL, NTPC, REL, RRVUNL, TNEB, Torr Power and 
UPRVUNL) differ significantly. The results indicate the PM duration of operator-4 
(CESC) is lower compared to operators 10, 16, 17, 19, 25 and 28 by 4.86%, 5.08%, 
4.11%, 3.78%, 6.15% and 15.31% respectively. Maximum significant difference in 
PM levels is observed between operator-22 (REL) and operator-28 (UPRVUNL). PM 
levels of other operators like BSEB (M=51.67, SD=11.13), JSEB (M=48.89, 
SD=18.05) and TVNL (M=21.53, SD=22.88) even though higher from that of 
UPRVUNL, yet the difference with other operators is not significant. 
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Table 20 : Significant Differences in PM Durations among Operators 
Operator 
Code 
Operator 10 11 16 17 19 23 25 28 
4 CESC -4.86 -5.08 -4.11 -3.78 -6.15 -15.31 
6 DPL -13.88 
10 GSECL 
11 HPGCL 
15 KPCL -12.74 
16 MAHAGENCO 
17 MPGPCL 
19 NTPC 
22 REL -5.49 -4.17 -5.72 -4.75 -4.42 -3.65 -6.79 -15.95 
23 RRVUNL -12.3 
25 TNEB 
26 TORR POWER -13.1 
28 UPRVUNL 
PM durations of REL is better compared with as many as eight other operators while 
those of CESC are better than 6 other operators. While the narrowest significant 
difference (3.65%) is that between RRVUNL and REL, the widest significant 
difference (15.95%) is between UPRVUNL and REL in both the cases REL plants 
have lowest PM. 
5.2.3 	Policy Interventions for Reducing PM Durations 
In the current practice, in addition to AM of boiler spanning from 30 days for smaller 
units to 60 days for 500MW size units, CM of turbine is carried out every five years, 
which spans from 45 to 75 days. On an average, a power generating unit remains shut 
down for 33 to 63 days per year on account of PM activities. With the latest 
technological developments, there is a need to shift from reactive maintenance and 
planned maintenance to predictive maintenance. Major overhauls can be taken up in 
project mode to reduce cost and time overruns using state of the art project 
management tools. Realising the need for reducing the PM levels, a committee was 
constituted by MoP under the chairmanship of Shri F.K. Kukde, to suggest measures 
for reducing PM. 
Kukde committee has recommended drastic changes in the AM schedules leading to 
substantial reduction in PM outages. The committee recommended boiler overhaul 
every alternate year instead of being practiced every year with provision for 
inspection to be carried out in the intervening years and major overhaul of boiler and 
turbine to be undertaken in each 5 years. This will lead to reduction of boiler outage 
by 23 days per year per unit in respect of 210 units and by 35 days for 500 MW units. 
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In Iine with the recommendations, Indian - Boiler Regulations act has been suitably 
amended in 2007 for overhaul in 24 months and inspection after 12 months. 
The committee has also recommended introduction of availability based monitoring 
system. Residual life assessment (RLA) of the sub 200 MW units is required to 
ascertain the health of these units and undertake major renovation and modernisation 
(R&M) exercises. Introduction of condition monitoring to detect the health of the 
equipments has also been suggested (TPR, 2008). 
5.3 Forced Outage 
Forced Outage (FO) compels a power generating unit to be taken off from the grid. 
This not only causes loss of revenue for the generating company but also grid 
disturbance for which the generator has to pay hefty penalty in form of Unscheduled 
Interchange (UI) charges. UI charges depend on the grid frequency. Compared to the 
weighted average cost of electricity traded which was 24.52 during FY08, maximum 
UI charge can be upto 78.73 per kWh of electricity. At all India level during FY04 to 
FY08, FO ranged from 7.71% to 9.48%. During FY08, 385 units reviewed by CEA 
registered 6426 outages causing generation loss to the tune of 46.53 BU. During 
FY04 to FY08, plant level FO ranged from 0.06% (Dahanu, FY04) to 62.75% 
(Chandrapura, FY04). Ranking of the power plants on the basis of FO reveal, the best 
performing (lower FO) plants occupying the 1" decile have FO Ievels of 1.3% while 
the 10th decile spans up to 27.174%. For a plant to be in the top 10% band, it has to 
maintain FO level below 1.3% (TPR, 2004; TPR, 2005; TPR, 2006; TPR, 2007; TPR, 
2008). Capacity group wise FO varied from 2.15% (250 MW, FY07) to 49.46% (50-
57.5 MW, FY06). 
5.3.1 	Month wise FO 
Month wise variation of FO during FY99 to FY08, shown in Table 21 indicates 
month wise FO fluctuation between 5.59% (January, FY07) and 13.16% (July, FY02). 
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Table 21 : Month wise Average FO 
FY99 FY00 FY01 FY02 FY03 FY04 FY05 FY06 FY07 FY08 
Aprit 9.36 10.62 10.19 9.80 9.65 8.21 8.23 6.95 9.76 7.58 
May 10.54 10.82 10.46 11.34 12.02 8.93 9.70 8.64 7.83 6.70 
June 11.28 10.74 10.74 12.88 12.04 10.69 9.35 9.32 7.60 7.68 
July 11.97 10.97 11.68 13.16 11.04 12.40 7.77 8.64 9.19 798 
August 9.72 9.69 10.16 11.38 9.60 11.13 9.34 9.94 8.53 7.38 
September 10.66 9.73 10.88 10.07 9.82 9.44 8.41 10.93 7.61 7.23 
October 10.39 10.18 9.95 10.18 8.90 9.79 I0.03 7.39 8.15. 8.97 
November 11.36 9.44 10.43 9.68 8.70 9.92 9.59 9.36 7.73 7.20 
December 9.04 9.54 9.23 8.82 9.89 8,48 8.09 9.63 8.06 7.66 
January 9.51 9.75 10.27 9.92 7.91 8.46 8.79 7.51 5.59 8.00 
February 12.13 8.70 11.11 9.14 10.08 8.84 7.25 8.04 7.26 8.03 
March 9.13 8.64 10.45 10.28 8.89 7.51 9.40 8.50 6.94 797 
To check the statistical significance of the month wise variation of FO durations, the 
null hypothesis H1_4 that "Forced outage durations are uniform round the year" is 
tested using one-way ANOVA. The ANOVA results are presented in Table 22. 
Table 22: One way ANOVA of Month wise FO 
Sum of Squares df Mean Square F Sig. 
Between Groups 36.779 11 3.344 1.746 0.073 
Within Groups 206.806 108 1.915 
Total 243.585 119 
It is observed that the difference in the FO levels during different months is not 
statistically significant, F (11, 108) =3.344, p> 0.01. Thus the null hypothesis can not 
be rejected indicating FO variation across months is not significant. 
Taken together it is found that average FO durations do not vary during different 
months while average PM durations vary. Planned maintenance activities which are 
mostly scheduled during June and November, avoided during January and March. 
These schedules pull down the OAF levels of the coal fired plants during July and 
November. The reason may be due to higher availability adequate water at the hydro 
power plants during the period. There is significant difference in the PM durations 
across operators indicating improved maintenance practices. 
5.3.2 	Equipments Responsible for FO 
To understand the causes of outage and equipments responsible for it, number of 
outages and generation Ioss due to main equipments and auxiliaries during FY04 to 
FY08 for 200/210MW, 250MW and 500MW groups are analysed. The data is 
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compiled from the secondary data published by CEA in the thermal performance 
reviews. The findings are detailed below (TPR, 2004; TPR, 2005; TPR, 2006; TPR, 
2007; TPR, 2008): 
Maximum generation loss on account of FO to the tune of about 41% is attributable to 
boilers, followed by 15% to turbines and 8% to generators. Remaining duration of 
outage of about 9% is because of boiler and turbine, auxiliaries and 27% due to other 
electrical and mechanical problems. Boiler-Turbine-Generator (BTG) trio are the 
major contributors of FO. 
Maximum number of boiler outages occurs due to Water wall failure, Fire outs and 
Economiser problems, Maximum generation Ioss is attributable to Water wall, Super 
Heater and Economiser. Generation loss per outage is highest because of Reheater, 
Super Heater and Economiser problems. 
Analyses of causes of turbine outages reveal maximum outages occur due to 
Condenser Low Vacuum, Condenser Cleaning / Tube Failure and Governing and 
Lube Oil System. Maximum generation loss encountered due to Eccentricity and 
Vibration, Cylinder and Control Valve, Condenser Cleaning / Tube Failure; and 
maximum generation loss per outage due to Rotor Blade Failure, Eccentricity and 
Vibration, and Cylinder and Control Valves. 
Maximum Generator outages occur due to Exciter, Protection Relay Operation and 
Stator Earth Fault; causes responsible for maximum generation loss are Stator Earth 
Fault, Rotor Earth Fault and Generator Cooling System; resulting in maximum 
generation Ioss per outage because of Explosion, Rotor Earth Fault and Stator Earth 
Fault. 
While ID Fan, PA Fan and Milling System cause Maximum Outages of boiler 
auxiliaries ID Fan, Milling System and PA Fan result in maximum generation loss 
and Precipitator , Others and Milling System are responsible for highest generation 
loss per outage. 
Causes responsible for maximum outages of Turbine Auxiliaries are Boiler Feed 
Pump, CW Pump and Regenerative System; maximum Generation Loss are Other 
Failures, Boiler Feed Pump and CW Pump; Generation Loss per Outage caused by 
Others failures, Pipe and Valves and CW Pump. 
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Among the Other electrical and mechanical problems maximum outages is caused due 
to Switchyard / Transmission Constraints, Generator Transformer Tripping and 
Station / Unit Aux. Transformer leading to maximum generation loss because of 
Generator Transformer Tripping, Fuel Problems / Feeding Trouble and Coal 
Shortage; and the causes responsible for maximum generation loss per outage are 
Raw Water Problem, Coal Shortage and Fuel Problems / Feeding Trouble. 
5.3.3 	Reducing Forced Outages 
It is observed that both the 250 MW and 500 MW groups of units have recorded no 
outage on account of AVR Problem, Explosion, Generator Winding Temperature 
High, Commissioning Period, Cooling Tower, DM Water Problem, Poor Coal 
Quality, Condenser, Curtis Wheel Pressure High and BFP Motor. 
The 250 MW group of. units have not recorded any unit outage on account of 
Hydrogen System, Other Boiler Problems, Miscellaneous Fire Problems, Stator 
Cooling Water Resistivity, Ash Handling System, Breaker / Isolator, Feeding Trouble, 
HT I LT Motors, Raw Water Problems, Wet Coal, Control Valve, Rotor Blade Failure 
I Fouling, Turbovisory System, Condensate Pump and De-aerator problems which are 
being experienced by 500 MW units. 
Analysis of the number of outages and corresponding generation loss during FY00 
and FY08 reveal (TPR, 2004; TPR, 2005; TPR, 2006; TPR, 2007; TPR, 2008): 
During a year about 7000 outages observed causing generation Ioss of 49.4 BU. An 
outage causes average generation loss of 6.72 MU. 
Boiler outages are maximum in number and result maximum generation loss. 
While the minimum generation loss of 3.87 MUs per outage was recorded by 
equipments associated with Turbine Auxiliaries, maximum generation loss of 11.36 
MU per outage observed for miscellaneous electrical and mechanical equipments. 
Even though a number of units have been added over the years, there has been a 
decline in the number of outages (from 8400 outages to 6600). However the 
generation loss per outage has increased over the years (5.78 MU to 7.34 MU). 
Outages due to boiler not only cause maximum outages but also cause highest loss of 
generation. 
A 
Single boiler outage caused average loss of generation to the tune of 6.03 MU during 
FY08. 
Patrik et al. (2005) have observed that boiler tube leaks are universal problems and 
still remain the Ieading cause of forced outage in coal-fired boilers (Pfeuffer, 2009). 
5.4 Power Generation and Plant Load Factor 
5.4.1 	Stations recording more than 100% PLF 
Analysis of plant level generation performance indicates that PLF of more than 100% 
at station level was recorded since FY08. While 3 stations, Sabarmati of Torrent 
Power; Dahanu of REL and Budge Budge of CESC having aggregate capacity of 
1330 MW achieved PLF of 101.42%, 101.24% and 100.43% respectively during 
FY08, out of which Dahanu and Budge Budge repeated the feat during FY09 also. 
All the power plants are in private sector. Achievement of PLF figures beyond 100% 
is remarkable. List of such stations is detailed in Table 23. 
Table 23 : Power Stations Recording 100% or Above PLF 
Year S1  Power Station Capacity PLF Region Operator Sector 
FY09 1 Dahanu 500 100.99 Western REL 
Private 
2 Budge Budge 500 100.53 Eastern CESC 
Sabarmati 330 101.42 Western Torrent Power 
FY08 2 Dahanu 500 10I.24 Western REL 
3 Budge Budge 500 100.43 Eastern CESC 
	
5.4.2 	Units recording more than 100% PLF 
As early as FY05, power-generating stations started generating more power than their 
designed capacity during a year. While during FY05, 250MW Dahanu Unit#1 of REL 
achieved PLF of 103.87%, during FY06 Sabarmati #1 of Torrent Power, Budge-
Budge #2 of CESC and Singrauli #4 of NTPC achieved PLF of 102.81%, 101.56% 
and 101.54% respectively along with Dahanu Unit#1. During FY08, 10 units from 5 
operators having aggregate capacity of 2255 MW achieved PLF above 100%. 
5.4.3 	PLF Band 
Distribution of capacities in different PLF bands is shown in Figure 8. Analysis of the 
performance data for the period FY04 to FY08 indicates, generating units aggregating 
to 1761 MW, 2262 MW and 2207.5 MW respectively generated no power during the 
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year. The capacity added during this period was 945 MW, 2710 MW and 1210 MW. 
Thus more capacity was shut down than were added. This indicates that the 
operational aspects deserve far more focused attention than being paid currently. 
Generating units aggregating to 9230 MW, 8887 MW and 9913 MW operated at a 
PLF of less than 50 % during the years FY04, FY05 and FY06 respectively. 
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Figure 8: Distribution of Capacities in Different PLF Bands 
5.4.4 	Sector wise PLF 
Sector wise PLF of power stations during FY04 to FY08 is shown in Figure 9. Over 
the years, there has been consistent improvement in the PLF in Central and Private 
Sector. Power stations in State Sector also witnessed higher PLF during the period 
from 67.3% (FY06) to 72.09% (FY08). The performance of plants in Central and 
Private Sector has been consistently above national average. It is also observed that on 
the PLF front, power stations in the private Sector have outperformed those in the 
central and State Sector. 
Figure 9: Sector wise Average PLF during FY04 to FY08 
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	5.4.5 	Capacity group wise PLF 
30 MW, coal fired unit #1 at New Cossipore which was commissioned on 31.10.1949 
remains the oldest unit in the country in service and generated 76.41 MUs of 
electricity during FY08 @ 29.00 % PLF. As per the carbon baseline database, 
compiled by CEA as on 31.03.2009, there are 24 different capacity units in operation 
ranging from 20 MW to 500 MW. CEA grouped these units in 12 different categories 
till FY07 and reduced to five groups since FY08. 
5.4.6 	Partnership in Excellence 
Partnership in Excellence (PIE) programme was launched by Govt. of India, in 
August'2005 to improve the performance of the power plants running at a PLF much 
below 60%. The three phased programme aimed to infuse better O&M practices of 
leading operators like NTPC, Tata Power etc. In the first phase it was envisaged to 
improve the station PLF by better O&M practices and training the site personnel. 
Improvement of PLF to at least 60% by undertaking capital maintenance, essential 
R&M works and making available critical spares from Original Equipment 
Manufacturers (OEM) was in the second phase followed by major R&M, Life 
Extension (LE) works based on Residual Life Assessment (RLA) in the third phase if 
found techno economically feasible (TPR, 2006). 
CEA identified 26 thermal power plants consisting of 80 units having an aggregate 
installed capacity of 8.4 GW running below 60% PLF. PIE initiative have resulted in 
higher generation from the power plants. The initiative yielded encouraging results 
resulting in additional generation to the tune of 5 BUs and 6 BUs during FY07 and 
FY08. The scheme had been concluded in all identified thermal power stations from 
June 2008. 
5.5 Auxiliary Power Consumption 
Auxiliary Power Consumption (APC) denotes the power consumption by the unit 
auxiliaries and other equipments for meeting common station requirement such as 
station .lighting, air conditioning etc. This is expressed as the ratio of electricity 
consumed to the electricity generated by the power-generating unit. Plant level 
analysis of APC during FY04 and FY08 indicate while Talcher-Kaniha consumed 
lowest APC of 5.34% (FY08), Amarkantak consumed highest APC at 18.14% 
(FY08). All India level APC stood at 9.05%, 8.57%, 8.44%, 8.29% and 8.17% during 
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FY04 to FY08. Region wise average APC figures compiled by CEA, during FY04 to 
FY08 are shown in Table 24. It is seen that APC on all India basis is above 8%; 
plants in Northern and Eastern region consume relative higher auxiliary power 
compared to national average. 
Table 24: Region wise APC Figures During FY04 to FY08. 
Region FY04 FY05 FY06 FY07 FY08 
Northern 8.85 9.03 8.89 8.62 8.57 
Western 9.07 8.26 8.30 8.16 7.95 
Southern 9.04 8.28 8.16 8.02 8.19 
Eastern 9.31 8.90 8.39 8.37 7.98 
North Eastern N.A. N.A. 6.42 6.33 1.89 
All India 9.05 8.57 8.44 8.29 8.17 
Thermal power plants are in fact the biggest consumer of electricity in the country and 
have earned a place among the designated consumers under energy conservation act, 
2001 which mandates energy audit at regular intervals. Negawatt (NW) refers to a 
theoretical unit of power saved. In the Indian context average APC stands slightly 
above 8%. With about 80 GW of installed capacity, 1% savings of APC of coal fired 
power plants amounts capacity addition of about 640 NW. 
5.6 Fuel Supply and Station Heat Rate 
Coal is the essential input for running of power plants. Power plants are the major 
consumer of domestic coal consuming about 70% coal produced. In India, Singareni 
Collieries Company Ltd (SCCL) and Coal India Ltd. along with its subsidiaries are 
the lone producer of coal. However in the recent years captive coal blocks have been 
allotted to industries for their consumption. In the following sections coal supply 
position along with trends of SHR are discussed. - 
5.6.1 	Coal Linkage, Supply and Consumption 
Because of the criticality of the power sector, long term coal supply to these plants is 
assured through a multi disciplinary committee called Standing Linkage Committee - 
Long Term (SLC-LT) comprising of members from Ministry of Coal, representatives 
of CIL, SCCL, CMPDIL, Railways, Planning Commission, CEA, MoP etc. In spite of 
coal linkage being assured by an apex multidisciplinary committee, power stations in 
the country fail to get requisite amount of coal. As a result, power plants remain shut 
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down quite often on this count. Figure 10 depicts the coal linkage, receipt, import and 
consumption by coal based power plants at all India level during FY01 to FY08. 
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Figure 10: Coal Linkage, Receipt, Import and Consumption by Power Plants 
During FY08, against assured linkage of 369.73 MT, the power plants received 
328.69 MT and consumed 329.63 MT of coal (TPR, 2008). It is observed. that the coal 
companies are not able to meet the coal linkage assured to power plants resulting in 
coal shortage to the tune of 6.99 MMT during FY02 to 30.82M4T during FY08. In 
percentage terms this varies from 2.79% during FY02 to 9.43% during FY04. Even 
though Govt. of India have initiated certain measures like coal import by the power 
plants and allocation of captive mines, assured coal supply still remains a dream for 
the sector. 
Cumulative coal shortage during FY02 to FY08 comes to about 155.616 MT. At a 
specific coal consumption of about 0.70 kglkWh this translates to generation loss of 
about 222 BU, to the tune of 28 BU per annum which otherwise could have wiped out 
40% of energy shortage. With an average PLF of 70% and capital cost of about 7 4.5 
Cr/MW, and idle power generation capacity of 31.76 GW and investment of !1429 
Billion. With the growing thrust on fossil fuelled power generation, the domestic coal 
supply and demand gap for the power sector is anticipated to widen further. 
5.6.2 	Critical Coal Stock at Power Stations 
While the coal reserves are limited to selected areas in Bihar, West Bengal, Odisha, 
Chhattisgarh and MP, power plants are located all over the country and coal is 
transported through railways. Plants located near coal mines are called pit head 
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stations. Taking into account uncertainties associated with receipt of coal, plants 
maintain coal stock at their premises. CEA recommends, pit head coal stations to 
maintain at Ieast one week's coal reserve and distant power stations to maintain coal 
stocks for one month. Due to lesser receipt and higher consumption, many of the 
plants are running hand to mouth and fail to maintain specified coal stock. Number of 
plants having critical coal stock at the end of the month during 2007 to 2010 is 
detailed in Figure 11. 
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Figure II:  Number of Plants having Critical Coal Stock 
It is observed that coal stock at as many as 44 plants (October, 2008) were below 
critical stock. Over the years there has been a consistent reduction in number of such 
plants. Major causes of depleted coal stock are lesser delivery and higher 
consumption due to improved PLF. However this trend is going for a change in the 
recent years as more and more plants are facing acute coal shortage. 
5.6.3 	Station Heat Rate 
Heat rate (HR) of a thermal power generating unit defined as the amount of heat 
energy required to generate one unit (kWh) of electrical energy and indicates how 
efficiently the chemical energy is converted to electrical energy. Units converting 
100% of chemical energy to electrical energy would require about 860 kCal to 
generate one unit of electricity. However, because of the inherent inefficiencies 
associated with the power generation process, the actual heat rate is quite higher. The 
Station Heat Rate (SHR) of a power station is the aggregate heat rate of all power 
generating units in the stations. Ideally operating SHR (OSHR) should be as close as 
possible to Designed SHR (DSHR), but in practice it deviates from designed criteria 
causing more and more fuel to be burnt to generate electricity. Weighted average 
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operating station heat rate on all India basis for the FY08 was 2703.9 kcal/kWh 
against designed average of 2376.8 kcal/kWh, indicating that the fleet of power plants 
are designed to convert about 36.18% of chemical energy into electricity and actually 
consume 13.76% excess chemical energy. Thermal Performance Review (2008) 
provides detailed information regarding methods used for measurement and 
techniques for reducing SHR. Heat rate deviations in the band 0-10% are acceptable 
and considered good, deviations beyond 10% are considered as poorly operating ones. 
Region wise trend of SHR during FY04 to FY08 is detailed in Table 25. 
Table 25 : Region wise Trend of Operating Heat Rate 
Region FY04 FY05 FY06 FY07 FY08 
Eastern 3614.00 3148.00 2887.00 3109.00 2738.50 
Northern 2844.00 2892.00 2793.00 2937.90 2603.20 
Southern 2707.00 2700.00 2667.00 2679.20 2653.20 
Western 2637.00 2712.00 2737.00 2833.80 2787.00 
All India Design 2407.00 2397.00 2398.00 2398.00 2376.00 
Operational 2762.00 2788.00 2747.00 2861.00 2703.90 
From the SHR trend it is observed that operating SHR is higher than the design SHR 
and the deviation ranges from 13.8% during FY08 to 19.32% during FY07. It is 
observed that the average OSHR deviation from national averages have come down 
from 50.15% (FY04) to 15.26% (FY08). Region wise analysis of operating SHR 
deviations from national average, reveal the deviation in the band of 9.56% (Western, 
FY04; Northern, FY08) to 50.15% (Eastern, FY04). While the operational SHR of 
plants in Eastern Region is consistently above national average those in Southern 
Region performed consistently better during the period. SHR deviations beyond 10% 
are a matter of concern and calls for techno managerial intervention to plug energy 
leakages. Improvements of SHR by identifying and plugging energy Ieakages in 
various subsystems can go a long way in reallocation of these scarce resources to 
starved ones which can result proportionate increase in electricity generation in the 
country, reduce CO2 emissions and reduce the cost of electricity. Induction of super 
critical technology in power generation sector is likely to reduce OSHR. 
5.7 Findings at a Glance 
Trend analysis of key performance parameters of coal fired thermal power plants is 
done at national, operator and plant/ unit level. Month wise analysis of availability 
.t 
(OAF) and non-availability (FO and PM) of power plants during last decade are also 
done unearth the seasonal trends. Plant / unit level analysis are also done to find out 
the trends and causes of outages to facilitate managerial intervention. The key 
findings are detailed below: 
• OAF increased from 64.68% (FY84) to 84.76% (FY08). 
• Increased availability has resulted in higher PLF from 46.07% (FY84) to 78.75% 
(FY08). Gap between OAF and PLF narrowed down from 18.61% (FY84) to 
6.01 % (FY08). 
• PM duration came down from 12.52% (FY83) to 5.66% (FY09). 
• OAF is not uniform round the year; F (11, 108) =15.951, p < 0.01. Highest OAF 
during March; higher by 8.46% than August. 
• Maintenance activities are not planned uniformly round the year; F (11, 108) 
=27.623, p < 0.01. Lowest PM of 5.93% during March and highest of 13.47% 
during August. 
• Variation of Planned maintenance durations across operators is significant. While 
the PM durations of REL is lowest, that of UPRVUNL is highest. 
• Variation of forced outage durations during the year is not statistically significant; 
F (11, 108)=1.746,p>0.01. 
• During FY04 to FY08, 107 Units aggregating to 7 GW remained unavailable for 
PM during the whole year. Highest unit level OAF 99.98% (Dahanu #1, FY05; 
Budge Budge #2, FY08). 
• About 2 GW and 10 GW of installed capacity operated below 5% above 95% OAF 
band respectively. 
• Highest PM 82.77% (FY07) — Barauni. Implementation of Kukde Committee 
recommendations could reduce PM durations by 23 days (210 MW) and by 35 
days (500 MW). 
• During FY08, 385 units recorded 6426 outages resulting generation loss of 46.53 
BUs @16.7 outages/ unit and 7,24 MU! outage. 
• 250 MW units have eliminated certain outages which 500 MW units could 
emulate. 
• Generation toss ranges from 3.87 MUs (Turbine Aux) to 11.36 MUs (Misc Elect. 
and Mech. problems). No of outages have reduced from 8400 to 6600 but 
generation loss due to outages increased from 5.78 BUs to 7.34 BUs per outage. 
• Coal shortage is acting as a bottleneck for the coal fired power plants in their 
attempt to fuel the Indian economy. 
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Chapter - 6 
DATA ANALYSIS AND INTERPRETATION — II: 
PERFORMANCE EVALUATION AND PRODUCTIVITY 
CHANGE 
Performance evaluation, slack estimation, target setting and productivity change of 
the power plants are undertaken to achieve the objectives detailed at § 4.2.2 and § 
4.2.3. The criteria adopted for selection of DMUs and variables (inputs and outputs), 
profile of DMUs, descriptive statistics of performance parameters, technical 
efficiencies (TE) and productivity change of the power plants are discussed in this 
chapter. TE of the plants are estimated using Data Envelopment Analysis (DEA). 
Distribution of TE, technical and scale efficiencies (SE), ranking of , power plants, 
excess consumption of inputs as input slacks, and benchmarking for performance are 
further analysed. The influence of categorical variables like average age and average 
unit capacity, geographical regions and management structures are further 
investigated using DEA and Post hoc Games Howell test. The total factor productivity 
changes (TFPCH) of the power plants are estimated using Malmquist Productivity 
Index (MPI) and further decomposed into technical change (TECHCH) and efficiency 
change (EFFCH). 
6.1 DMUs and Variables 
DEA is applied to evaluate the relative performance of power plants by comparing 
their actual performance with the industry Ieaders and, to explore the possibility of 
contraction of the current input levels without deteriorating the present output levels. 
In DEA literature homogenous production units consuming identical inputs to 
produce similar outputs are called Decision Making Units (DMU). While the number 
of DMUs depends on the objective of the study, higher number of DMUs has higher 
probability of capturing the high performance units determining the efficiency frontier 
(Cooper etal., 2007). As a rule of thumb, number of DMUs should be larger than the 
product of number of inputs and outputs and the sample size should be at least 2 to 3 
times larger than the sum of number of inputs and outputs (Ramanathan, 2005; 
Cooper el al., 2007). 
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Selection of inputs and outputs has been a challenging task in performance modeling 
using DEA. Selection of inputs and outputs is purely subjective and there is no 
specific rule for determining the inputs and outputs. However experts recommend that 
attempt should be made to capture all inputs and outputs relevant for the objectives of 
the study. An exhaustive list of variables should be compiled initially and qualitative, 
and quantitative filtration techniques like correlation, expert advice etc. applied to 
eliminate redundant and less important ones. One way of classifying the factor as 
input or output is to check whether DMUs recording higher performance in terms of 
that factor is considered more efficient or not. if, yes then the factor is normally 
classified as an output. Otherwise it is classified as an input (Ramanathan, 2005). 
Inputs are defined as resources utilized or conditions affecting the performance of the 
DMUs, outputs are produced by the DMUs. 
Based on this consideration, electricity generated is considered as output and installed 
capacity, coal consumption, auxiliary consumption, generation Ioss due to PM and FO 
are considered as inputs. Even though DEA can handle multiple inputs and multiple 
outputs, inclusion of too many parameters have the tendency to skew the performance 
levels resulting in too many DMUs in the efficient frontier. For the present study 
having five inputs and one output, minimum no of DMUs should be 18. 
Performance data of thermal power plants is expressed in ratios. Since the scale 
information is lost on ratios, to account for the scale of operation, the performance 
parameters are converted to yearly aggregates through appropriate translations. Power 
generation during a year is obtained by multiplying the PLF of the plant with the 
capacity of the plant and 8760 running hours during a year (24 hours a day for 365 
days). 
6.2 Profile of DMUs 
For evaluating the relative performance of the power plants, 74 coal fired power 
plants were selected. The rationale for selecting the plants has been outlined at § 4.3. 
The profile of DMUs is detailed in Table 26. 
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Table 26 : Profile of DMUs 
Sector Operator Eastern Northern Southern Western Total 
Central 
DVC 4 4 
NTPC 4 6 2 2 14 
Total 8 6 2 2 I s 
Private 
CESC 4 4 
REL l 1 
TORR POWER 2 2 
Total 4 3 7 
APGENCO 4 4 
BSEB I 1 
CSEB 2 2 
DPL I I 
GSECL 4 4 
HPGCL 2 2 
IPGPCL 2 2 
JSEB I 1 
KPCL I I 
State MAHAGENCO 7 7 
MPGPCL 4 4 
OPGC I I 
PSEB 3 3 
RRVUNL 2 2 
TNEB 4 4 
TVNL I 1 
UPRVUNL 5 5 
WBPDC 4 4 
Total 9 14 9 17 49 
Total 21 20 11 22 74 
The study considers 74 coal fired power plants, being managed by 23 operators and 
located in four geographical regions. While there are 49 plants in State Sector, 18 
plants are in Central Sector and remaining seven in Private Sector. Installed capacities 
of these plants are about 60 OW out of total of 62.7 GW commissioned (95.7%) till 
FY04. For smoothing exceptional good or bad performance of a plant during a 
particular year, performance data over five years (FY04 to FY08) is considered for the 
study. A plant in a different year is considered as a distinct DMU. Thus 74 plants 
during five years are considered as 370 DMUs. 
6.3 Descriptive Statistics 
The number of variables relevant for the study has already been outlined at § 4.5. 
Secondary data from thermal performance reviews (TPR, 2004; TPR, 2005; TPR, 
2006; TPR, 2007; TPR, 2008) published by CEA is used for performance evaluation. 
Descriptive summary of the dataset is detailed in Table 27. 
94 
Table 27: Descriptive Statistics of Performance Parameters 
N Minimum Maximum Mean Std. Deviation 
Output 
Generation 370 412.30 301908.60 62394.89 56578.03 
Input 
Capacity 370 50.00 3260.00 811.35 622.11 
PM 370 .00 82.77 L 	8.77 10.64 
FO 370 .06 62.75 10.64 11.84 
SCC 370 .46 1.28 .74 .13 
APC 370 5.34 18.14 9.55 1.98 
It is observed that the capacities of the power plants vary from 50 MW to 3260 MW. 
There is wide fluctuation in the performance parameters like PM figures varying from 
0% to 82.77%. 
6.4 Technical Efficiencies (TE) 
Based on the approach discussed earlier and using input oriented DEA with variable 
return to scale, the relative performance level through technical efficiencies with 
constant (TEcR5) and variable (TEVRS) return to scale, scale efficiencies, peers, return 
to scale properties along with input and output slacks of coal fired power plants are 
evaluated using multi stage approach of Coelli (1996). 
Continuing the discussion started while framing the second objective at § 4.2.2, it is 
observed that a hypothetical plant can be carved out of the linear combination of 
77.9% of DMU-198 (Ramagundam STPP during FY06) and 22.1% of DMU-237 
(Dahanu during FY07) could generate the electricity generated by DMU-73 
(Vindhyachal during FY04) having lesser installed capacity; consuming lesser coal 
and auxiliary power; and reduced generation loss. The hypothetical plant could have 
an installed capacityof 2136 MW, require 9.69 MT of coal, 1.06 BU of auxiliary 
power and possible generation loss to the tune of 1.359 BU and 0.154 BU towards 
PM and FO. TECRS and TEVRS of Vindhyachal are estimated to be 0.870 and 0.989 
respectively. Excess consumption of inputs is the difference between the figures for 
the actual plant and hypothetical plant and performance targets for the actual plant arc 
the figures of the hypothetical plant. Dahanu and Ramagundam STPP are the peers for 
Vindhyachal and their practices can be emulated by Vindhyachal for performance 
improvement. Ranking of the plant is decided after evaluating the TE of other plants. 
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While the TEcRs of other plants in different years (DMUs) varied from 42% to 100%; 
TE vm varied from 51% to 100% and SE between 42% and 100%. Average TES  
varied between 55.8% and 100% with mean of 83.29%. The TE of as many as 174 
DMUs (47%) and 37 plants (50%) lie below the mean TE level. As many as 50 
DMUs occupy the efficient frontier defined by the operational parameters Capacity, 
PLF, SCC, APC, PM and FO during the five year period. Some of the DMUs were 
actually the same plant in a different period reducing the efficient DMUs to 16. While 
two plants are VRS efficient during all the five year period, no plant was found CRS 
efficient during all the five years. 
6.4.1 	Distribution of TE Scores 
Distribution of TE scores is detailed in Table 28 and shown in Figure 12, 
Table 28 : TE in Different Bands 
VRS TE No of DMUs % of DMUs FY04 FY05 FY06 FY07 FY08 
Up to 0.6 17 4.59 1 5 3 4 4 
0.6 to 0.7 35 9.46 9 5 7 7 7 
0.7 to 0.8 86 23.24 21 21 16 12 16 
0.8 to 0.9 105 28.38 22 19 24 22 18 
0.9 to 1.0 77 20.81 16 16 13 14 18 
1.0 50 13.51 5 8 11 15 11 
It is observed that 105 DM Js i.e. about 28% of the DMUs have the TE scores 
between 80% and 90%. 50 DMUs different years have TE scores of 1.0 out of which 
15 DMUs have TE scores of 1.0 during FY07. 
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Figure 12 : Distribution of Plants in Different TE Bands 
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	6.4.2 	Average Technical and Scale Efficiencies 
Average TECRS and TEVRS  and Scale Efficiencies (SE) of the plants are shown in 
Figure 13. It is observed that the TEVRS varies between 0.558 and 1.0; TEcm varies 
between 0.525 (Plant 7, Barauni) and 0.999 (Plant15, Dahanu). Average SE of plants 
vary between 0.607 and 1.0. 
While the Average TECRS of only one plant (Plant 15, Dahanu) is 1.00, it is above 
0.95 for seven plants (52, 11, 30, 51, 54, 50, 68). Substantial gaps between average 
TECRS and average TEVRS is observed indicating existence of scale inefficiency. 
Many of the DMUs which are technically efficient during different years are because 
of relaxation in their scales of operation and are not truly efficient. Two plants 
(Amarkantak and TORR Power AEC) which operate at very low scale- size (S0MW 
and 60MW) are VRS efficient in all the five years but the average SE of these power 
plants are only 0.607 and 0.969, it indicates in absence of any better plant in this 
scale, the plants may considered efficient. 
6.4.3 	Ranking of Power Plants 
Ranking of the power plants based on individual performance parameters and the 
technical efficiency scores averaged over a five year period spanning FY04 to FY08 
is detailed in Annexure — I. The correlation between the average rank based on 
individual performance parameters and TECRS and TEVRS  is explored using Pearson's 
Correlation Coefficient and shown in Table 29. 
Table 29 : Correlations of Efficiency Scores 
AvgRank CRSTE VRSTE SCALE 
AvgRank 
Pearson Correlation 1 .964(**) .857(**) .059 
Sig. (2-tailed) .000 .000 .618 
N 74 74 74 74 
CRSTE 
Pearson Correlation .964(**) 1 .876(**) .081 
Sig. (2-tailed) .000 .000 .494 
N 74 74 74 74 
VRSTE 
Pearson Correlation .857(**) .876(**) 1 -.212 
Sig. (2-tailed) .000 .000 .070 
N 74 74 74 74 
SCALE 
Pearson Correlation .059 .081 -.212 1 
Sig. (2-tailed) .618 .494 .070 
N 74 74 74 74 
** Correlation Is significant at the 0.01 level (2-tailed). 
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The Pearson correlation coefficient between Average ranks of operational parameters 
and TEcRs as well as TES  is found to be 0.964 and 0.857 respectively and is 
significant at 0.01 levels. Thus the DEA based ranking is highly correlated with the 
average ranking which is adopted for multi criteria ranking (Jacobs et at., 2004). The 
rank correlation between average rank and scale efficiency is only 0.059 and not 
significant. 
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Figure 13 : Average Technical and Scale Efficiencies During FY04 to FY08 
6.4.4 	Slack Estimation 
Input oriented DEA models aim at minimizing inputs levels without compromising 
the output level. In the current study, the possibility of achieving the current level of 
power generation with lesser levels of one or more input variables like Installed 
Capacity, Coal consumed, Auxiliary Power Consumed, Generation loss due to PM 
and FO is explored. Based on the actual performance of other plants, DEA calculates 
the targets for the less efficient plants. Besides the targets, DEA also suggests a set of 
plants called peers, whose performance can be benchmarked to achieve the set targets 
and guide focused techno-managerial intervention for performance improvement. 
It is found that the current level of electricity generation achieved out of the 60 GW of 
installed capacity can be realized from only 49 GW, indicating about 1 I GW of 
unutilized generating assets. The slack estimated by CIIGBC (2005) and 
Subramaniam (2010) are 12 GW and 4 GW respectively. Even though it is not 
possible to contract the installed capacity, efficient utilization of the available 
resources has the potential to generate about 18% more electricity generated by these 
plants. 
Generation loss on account of PM can be reduced by 48.4% i.e. The current PM level 
of 7.5% can be pruned to about 3.9% enhancing the availability by additional 4%. 
Recently Kukde working group has recommended for adoption of improved planned 
maintenance practices (CEA, 2008). As per the recommendation, the average planned 
maintenance duration of 51 days/year and 63 days/year in respect of 210MW units 
and 500MW units can be brought down to 28 days/year. In fact the PM level of 
Dahanu plant during the period of study (FY04 to FY08) has remained below 3%. 
During the year 2005-06, Paras plant maintained PM figures of 0% and FO of 1.06%. 
FO slack is found to be 80% which at current all India 9% level translates to about 
7.2%. Infusion of improved operation and maintenance practices can help substantial 
reduction of generation loss being encountered currently; can bridge the demand 
supply gap and enhance the reliability of the power system. Ideally the FO should be 
zero, but based on the best practice frontier which has been achieved by few plants; 
techno-managerial intervention has the potential to bring it to sub 1% level. The 
present dataset reveals that as many as 23 DMUs in State, Central and Private sector 
have achieved below 1% FO level during FY04 to FY08. CIIGBC (2005) had 
estimated that average FO of 8.84% could be brought down to 4.44% through 
benchmarking. 	 - 
Coal slack is estimated to be about 14.3%, which at current consumption level of 
about 320 million tonnes per annum translates to the tune of 46 million tones. The 
resulting savings would result lower cost of generation of electricity, reduced CO2 
emissions and save scarce natural resources. The savings could be used by starved 
power plants and make use of their generation assets lying idle because of short 
supply of coal. 
Auxiliary Power Consumption (APC) slack have been found to be 18.4% indicating 
APC at the current level of about 40BU can be brought down by 18.4% resulting in a 
savings of 7.2 BU of electricity. CIIGBC (2005) estimated that all India average APC 
of 8.57% could be brought down to 7.53% through benchmarking. 
6.4.5 	Benchmarking for Performance Improvement 
Benchmarlcing of industry best practices has been practiced for performance 
improvement in many sectors. Electricity regulators world wide also use performance 
benchmarking for the performance improvement of electricity utilities (Jamshab and 
Politt, 2000). DEA carves out hypothetical DMUs from the linear combination of 
other DMUs, whose performance is better than individual DMUs and recommends a 
set of peers who are the sources of best practices (Vercellis, 2009) and whose 
performance can be emulated for productivity gains. The frequency of occurrence of 
a plant as a peer in different years is shown in Figure 14. 
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Figure 14 : Frequency of Occurrence of a plant as Peer in Different Years 
A plant in different years is treated as a different DMU. For as many as 277 DMUs, it 
is possible to create hypothetical DMUs from the linear combination of plant-15 
(Dahanu) and other plants which consumes less input and produces at least the same 
output as that of the real DMU. The peer count of plant-15 is highest. It is observed 
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that plant-15 in the year FY07 is viewed as a peer by as many as 226 other DMUs. 
DMUs in FY06 and FY07 appear as reference units very often while those in FY04 
and FY05 appears less frequently. 
6.5 Influence of Categorical Variables 
In addition to the set of controllable variables discussed earlier, certain other variables 
like geographical location in which the plant is located, the management structure, 
average unit size of the power plant, age of the units etc, seem to affect the 
performance of the power plants. The influence of such variables is investigated by 
analyzing the variance of TEvg and TECR5 across these variables through ANOVA. 
6.5.1 	Variation of Technical Efficiency with Average Age and Unit Capacity 
To study the influence of average age and unit capacity on the plant performance, the 
null hypothesis H_1 that "Technical efficiencies of the plants do not vary across 
different age and capacity groups" is tested using two-way ANOVA. Average unit 
capacities were categorized into 6 groups. Category-1 : 30 to 110 MW; Category-2: 
110 to 210 MW; Category-3: 210 MW; Category-4: 250 MW; Category-5: 250 MW 
to 500 Mw; and Category-6: 500 MW. Based on the average age of units, plants 
were divided into 6 bands. Category-1: 0 to 5 years; Category-2: 5 to 10 years; 
Category-3: 10 to 15 years; Category-4: 15 to 20 years; Catogory-5: 20 to 25 years; 
and Category-6: above 25 years. To test the above null hypothesis, two-way 
ANOVA of TECRS with unit capacity and age as factors was carried out. Since the 
scales of operation is already considered while evaluating TEVRS. it will not be proper 
to evaluate the impact of unit capacity which is an indicator of scales of operation 
with TEv55, therefore instead of TEVRS is considered. The results of ANOVA are 
detailed in Table 30. 
Table 30: Influence of Unit Age and Capacity on TE 
Source Type III Sum of Squares df Mean Square F Sig. 
Corrected Model 2.235(a) 15 .149 15.247 .000 
Intercept 98.295 1 98.295 10059.115 .000 
AgeTag .199 3 .066 6.793 .000 
CapTag .260 5 .052 5.313 .000 
AgeTag 	CapTag .115 7 .016 1.682 .112 
Error 3.459 354 .010 
Total 242.998 370 
Corrected Total 5.694 369 
a R Squared = .392 (Adjusted R Squared = .367) 
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It is observed that there is significant main effect of the average unit capacity on the 
TE, F (5, 354) = 5.31, p < .001 and also of the average age of the units on the TE, F 
(3, 354) = 6.7931, p < .001. However there was a non significant interaction between 
the age of the unit and average unit capacity, on the TE, F (7, 354) = 1.68, p> 0.01. 
Post hoc Games-Howell analysis reveal that plants of 0-5 years old are technically 
more efficient compared to those in 5-10 years, 10-15 years and 15-20 years by 
5.76%, 6.78% and 18.51% respectively. TECRS of plants having average unit capacity 
of 500MW is higher compared to those in 30-110 MW, 110-210 MW, 210 MW and 
250-500MW by 25%, 17%, 11% and 7% respectively. The difference in TECRS 
between plants having average unit capacity 250 MW and 500 MW is not statistically 
significant. 
6.5.2 	Variation of Technical Efficiency Across Geographical Locations 
Indian power system is divided into five geographical regions, with no thermal power 
plant under operation during the period of study in the North-Eastern region; the 
division virtually reduces to four regions namely Eastern Region (ER), Northern 
Region (NR), Southern Region (SR) and Western Region (WR) (MoP, 2010). The 
average TEVRS of plants in different geographical regions like ER, NR, WR and SR 
are found to be 0.793, 0.802, 0.850 and 0.897 respectively. 
Several studies (Shanmugam and Kulshrestha, 2005; CEA, 2009) indicate that the 
performance of power plants depend on the geographical locations and analysed the 
performance based on geographical regions. To find if the technical efficiency of 
power plants depend on the geographical location of a power plant, the null 
hypothesis H6_2 that "Technical Efficiency of power plants does not vary across 
geographical regions" is tested using one-way ANOVA of TEVRS scores across four 
regions. The four regions were represented as ER-1, NR-2, SR-3 and WR-4. The 
output of the analysis listed in Table 31. The results indicate significant difference in 
TEvRS across regions, F (3, 369) = 6.98, p < 0.01. Post hoc results further indicate that 
the TE of plants in SR are higher than those in ER and NR by 7.1% and 8.4% 
respectively. 
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Table 31 : ANOVA of TEVRS Scores across Geographical Regions 
Sum of Squares df Mean Square F Sig. 
Between Groups .304 3 .101 6.978 .000 
Within Groups 5.308 366 .015 
Total 5.612 369 
6.5.3 	Variation of TE across Different Sectors 
Average TEVRS  of plants based on different management structure like State, Central 
and Private Sector are 0.806, 0.849 and 0.923 respectively. To test if the TE of the 
power plants varies across different Sectors, the null hypothesis H6_3  that "Technical 
Efficiencies of the plants do not depend on the Sector in which the plant is being 
managed" is tested using one-way ANOVA and the results are detailed in Table 32, 
Table 32: One-way ANOVA of TEVRS across Sectors 
Sum of Squares df Mean Square F Sig. 
Between Groups .977 2 .4$8 38.675 .O0 
Within Groups 4.635 367 .013 
Total 5.612 369 
The results indicate, there is significant difference in Technical Efficiencies of the 
plants across different Sectors. Post hoc Games-Howell results further indicate that 
everything else remaining same, the technical efficiency of plants in Private Sector is 
higher than that in State and Central Sector by 14.32% and 5.4% respectively. 
6.6 Productivity Change : Trends and Determinants 
Total factor productivity change (TFPCH) of 74 power plants over a five year period 
(FY04 to FY08) is evaluated using DEAP 2.1 software (Coelli, 1996). TFPCH is 
decomposed to pure efficiency change (PECH), scale efficiency change (SECH), 
technical change (TECHCH) to understand the contribution of scale efficiency, 
catch-up and innovation. Variation of productivity change across geographical regions 
and management structures is also analysed. 
.6.6.1 	Total Factor Productivity Change 
Average PECH, SECH, EFFCH, TECHCH and TFPCH are appended at annexure-1. 
Average TFPCH of the plants is shown in Figure 15. While the circles indicate total 
factor productivity changes, the radials represent individual plants. 
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Figure 15: Average TFPCH of Power Plants During FY04 to FY08 
The average TFP change of plants ranged from 0.502 to 2.166 indicating negative 
growth of 49.8% to positive growth of 116.6%. Out of the 74 plants, from Figure 15, 
it is found that while 30 plants (40.5%) recorded average negative productivity 
change (TFPCH <1), as many as 42 plants (56.7%) recorded productivity growth 
(TFPCH >1). Remaining 2 plants (2.7%) recorded no change in their TFP during the 
period of study. Out of the 42 Plants recording average positive TFPCH, as many as 
12 Plants belong to NTPC. 
On an average basis, plant-61 (South Gen) recorded maximum productivity growth of 
12% per year followed by plant - 14 (Dadri) -11.4% and plant -63 (Talcher Kaniha) — 
10.4%. plant - 15 (Dahanu) recorded the lowest growth of -17% per year during the 
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period. Interestingly this plant has come out as one of the efficient units. This 
indicates Dahanu is loosing its superiority over the years and other plants are trying to 
catch-up with this unit. 
Mean TFPCH is found to be 1.012 indicating growth of 1.2% per annum. The factors 
contributing TFP growth are EFFCH of 0.9% and TECHCH 0.2%. 	Year wise 
breakup of PECH, SECH, EFFCH, TECHCH and TFPCH are shown in Figure 16. 
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Figure 16: Year wise Productivity Change during FY04 and FY08 
While the TFP change during two periods (2 and 4) was 2.6% and 2.9%, period 3 
witnessed growth of 0.8% and last period (5) recorded negative growth of 1.5%. The 
negative growth during the Iast period can be attributed to technological regress of 
5.7% which was compensated by EFFCH of 4.4%. 
6.6.2 	Efficiency Change 
The overall EFFCH of 0.9% per annum, when further decomposed indicates, 0.7% 
and 0.2% per annum due to PECH and SECH respectively. EFFCH varied from 
0.741% to 1.571% during period 3 and 5 respectively by Ramagundam B. This 
corresponds to regress in TE of 25.9% to progress of TE amounting to 57.1%. As 
many as 119 DMUs registered negative TE growth, while another 20 DMUs recorded 
no change. Remaining 157 DMUs recorded positive TE growth. 
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6.6.3 	Technical Change 
Positive TECHCH of 0.2% per annum is observed during the period indicating 
upward frontier shift. TECHCH recorded during the period range from 0.620 
(Dahanu during period 2) to 1.654 (Paras during period 3). Dahanu which frequently 
lies in the efficiency frontier moved away from the frontier during the period. 
However Paras which remained away from the frontier during the four years could 
able to move to the frontier during the period 3. The operational performance 
parameters of Dahanu and Paras are listed in Table 33. 
Table 33 : Performance Parameters and TECHCH of Dahanu and Paras 
Plant Year PLF Capacity PM FO SCC APC TECHCH 
Dahanu 2003-04 100.34 500.00 2.14 0.06 0.54 8.99 - 
Dahanu 2004-05 101.35 500.00 2.09 0.19 0.54 7.51 0.620 
Dahanu 2005-06 98.70 500.00 0.00 4.47 0.54 7.69 0.652 
Dahanu 2006-07 101.79 500.00 2.46 0.27 0.52 7.65 1.363 
Dahanu 2007-08 101.53 500.00 2.90 0.81 0.64 8,26 0.863 
Paras 2003-04 82.17 55.00 9.02 1.45 0.77 10,28 - 
Paras 2004-05 77.38 55.00 7.27 5.85 0.82 9.82 1.010 
Paras 2005-06 87.59 55.00 0.00 1,06 0.81 10.23 1.654 
Paras 2006-07 75.63 55.00 6.88 1.88 0.85 10.16 0.676 
Paras 2007-08 71.31 55.00 6.33 4.28 0.94 10.60 0.997 
6.6.4 	Region wise and Sector wise Productivity Change 
Region-wise distribution of DMUs recording positive, negative and no change in 
TFPG is detailed in Table 34, The results indicate more power plants in NR and ER 
achieved positive TFPG. Barring WR, plants in all other regions witnessed positive 
TFPG led by ER: 2.2% and SR: 2%. Plants in the WR witnessed negative TFPG of 
0.4% during the period. Sector-wise average growth in TFP is listed in Table 35. 
Table 34: Productivity change of DMUs - Region wise Distribution 
Negative 
Growth 
No 
Change 
Positive 
Growth 
Average 
TFPG 
Eastern 7 1 13 1.022 
Northern 6 - 14 1.013 
Southern 6 - 5 1.020 
Western . 11 l 10 0.996 
Total 30 2 42 
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Table 35 : Productivity Change of DMUs - Sector wise Distribution 
Negative 
Growth 
No 
Change 
Positive 
Growth 
Average 
TFPG 
State 24 . 02 23 1.004 
Central 02 - 16 1.042 
Private 04 - 03 0.992 
Total 30 02 42 
It is found that the plants in Central Sector achieved maximum TFPG of 4.2% 
followed by those in State Sector which recorded growth of 0.4%. The plants in 
Private Sector have recorded negative growth of 0.8% during the period. 
6.6.5 	Plants recording all round Productivity Growth 
Twelve plants listed in Table 36; recorded all round productivity growth i.e. all 
indices are more than unity. While as many as six of these plants are located in 
Eastern Region, four lie in the Northern Region and one each in Southern and 
Western regions. While as many as seven plants are managed in Central Sector, 4 are 
in State Sector and one plant is in Private Sector. Out of the seven plants in the 
Central Sector, six are managed by NTPC the largest power producer in the country. 
Table 36 : Plants Recording all Round Productivity Growth 
Plant 
No Plant pech sech effch techch tfpch Region Sector Operator 
10 Bokaro B 1.015 1.001 1.016 1.001 1.017 Eastern Central DVC 
II Bud ebud a 1.029 1.006 1.035 1.005 1.040 Eastern Private CESC 
I4 Dadri 1.033 1.001 1.034 1.077 1.114 Northern Central NTPC 
19 Farakka 1.043 1.020 1.063 1.010 1.074 Eastern Central NTPC 
27 Kolaghat 1.018 1.003 1.021 1.001 1.022 Eastern State WBPDC 
31 Korba West 1.015 1.003 1.017 1.002 1.020 Western State CSEB 
32 Kota 1.007 1.010 1.017 1.002 1.019 Northern State RRVUNL 
33 Kothagudem 1.008 1.010 1.018 1.005 1.023 Southern State APGENCO 
63 Talcher Kaniha 1,026 1.025 1.051 1.050 1.103 Eastern Central NTPC 
64 Talcher Thermal 1.051 1.002 1.053 1.003 1.056 Eastern Central NTPC 
65 Tanda 1.045 1.002 1.047 1.003 1.050 Northern Central NTPC 
71 Unchahar 1.022 1.005 1.027 1.008 1.035 Northern Central NTPC 
6.6. S 	Productivity Change of Plants Adding Capacity 
During FY04 to FY08, 13 plants have augmented their capacities. Productivity 
changes of these plants are listed in Table 37, indicate that barring plant - 41 (Panipat) 
and plant - 74 (Wanakbori), all other plants recorded reduced rate of TFPG after 
capacity addition. 
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Table 37 ; Changes in Productivity Indices - With Capacity Addition 
Plant 
No 
Plant Period Capacity 
Added 
(MW)  
PECH SECH EFFCH TECHCH TFPCH 
21 Gandhinagar 2 
3 
4 
5 
0.999 1.023 1.022 0.963 0.984 
1.034 	0.905 	0.935 	1.174 1.098 
0.965 	1.073 	1.035 	0.939 0.972 
210 	0.93 	1.001 	0.93I 	0.904 0.841 
25 Kahalgaon 2 
3 
4 
5 
1.003 1.009 1.011 1.018 1.029 
1.1 	1.007 	1.108 	0.979 1.085 
0.984 	0.988 	0.972 	1.026 0.998 
500 	0.836 	0.97 	0.811 	0.991 0.804 
35 Mejia 2 
3 
4 
5 
1.036 1.017 1.054 0.987 1.040 
210 	1.074 	0.934 	1.003 	1.021 1.024 
0.988 	1.031 	1.019 	1.022 1.042 
250 	1.15 	0.955 	1.099 	0.932 1.024 
41 Panipat 2 
3 
4 
5 
0.905 1.013 0.917 1.002 0.919 
500 	1.086 	0.907 	0.986 	1.036 1.021 
1.091 	1.055 	1.151 	1.017 1.170 
1.001 	1.002 	1.003 	0.989 0.991. 
44 Paricha 2 
3 
4 
5 
1.038 l 1.038 0.969 1.006 
210 	0.835 	1 	0.835 	1.15 0.960 
1.996 	0.744 	1.485 	0.907 1.347 
210 	0.714 	1,342 	0.958 	0.891 0.854 
50 Ramagundam 
STPS 
2 
3 
4 
5 
1 1.086 1.086 1.114 1.21 
500 	1 	1.04 	1.04 	0.968 I.007 
1 	0.959 	0.959 	1.033 0.991 
1 	1.047 	1.047 	0.967 1.013 
51 Rayalseema 2 
3 
4 
5 
1.001 0.998 0.999 1.015 1.015 
0.764 	1.006 	0.768 	1.085 0.834 
1.251 	0.996 	1.247 	0.979 1.221 
210 	0.936 	0.996 	0.932 	0.997 0.929 
52 Rihand 2 
3 
4 
5 
0.97 0.96 0.931 1.098 1.022 
1000 	1.013 	0.979 	0.992 	0.963 0.955 
1.018 	1.097 	1.I17 	1.016 1.135 
1 1 1 0.984 0.984 
55 Sanjay 
Gandhi 
2 
3 
4 
5 
1.052 0.996 1.047 1.003 1.051 
0.933. 	0.992 	0925 	1.01 0,934 
1.05 	1.015 	I.065 	1.024 1.090 
500 	1.088 	0.969 	1.054 	0.909 0.957 
63 Talcher 
Kaniha 
2 
3 
4 
5 
1000 1.107 0.936 1.036 1.12 1.160 
500 	1 	1.146 	1.146 	0.996 1.141 
1 	1.003 	1.003 	1.028 1.032 
1 	1.025 	1:025 	1.059 1.085 
71 Unchahar 2 
3 
4 
5 
1.043 1 1.043 1.026 1.071 
1.045 	1.023 	1.069 	0.976 1.043 
210 	1 	0.965 	0.9 	1.038 1.002 
1 	1.033 	.1.033 	0.992 1.025 
73 Vindhyachal 2 
3 
4 
5 
1 1.04 1.04 1.09 1.133 
1 	1.071 	1.071 	0.951 1.018 
500 	1 	0.981 	0.981 	1.04 1.020 
500 1 	1.031 	1.031 	0.98 I.010 
74 Wanakbori 2 
3 
4 
5 
0.892 0.924 0.825 1.11 0.915 
0.954 	0.994 	0.949 	1.003 0.951 
1.067 	1.01 	1.078 	1.027 1.107 
210 	0.965 	1.03 	0.994 	0.987 0.981 
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Chapter - 7 
CONCLUSIONS AND RECOMMENDATIONS 
The present research has been undertaken to evaluate the current performance level of 
thermal power plants in India by incorporating key decision variables describing plant 
performance, meeting academic's requirement for rigour and provide a simple and 
practical approach which can be applied by the practitioner to set SMART targets for 
performance improvement. The study attempted to analyse the trend of key 
performance parameters and understand seasonal variations using ANOVA and 
Games-Howell post hoc test. Using linear programming based Data envelopment 
Analysis (DEA), the performance of thermal power plants are evaluated to 
quantitatively estimate current performance levels, identify performance gaps and set 
targets for achievement based on the actual performance of the plants and identify 
benchmarks for different plants. Impact of environmental variables like geographical 
Iocation, ownership structure, size and age of the units on plant performance are 
analysed using ANOVA and Games-Howell post hoc test. Productivity changes of the 
plants are estimated using distance function based Malmquist Productivity Index 
(MPI). Conclusions, policy implications for the industry and academia, limitations of 
the current study followed by scope for future research is detailed in this chapter. 
7.1 Conclusions 
Performance evaluation of thermal power plants in Indian context is mostly limited to 
technical parameters. Ratio analysis based partial approach is adopted for 
performance evaluation in which a number of ratios like PLF, OAF, PM, FO, SCC, 
APC, SFOC etc are used as key performance parameters. While higher PLF and OAF 
are indicators of good performance, lower PM, FO, SCC, APC, SFOC and 
maintenance expenditure indicate good performance. 
Partial approach is used for performance evaluation of power plants in which one 
ratio is compared at a time. A common practice in industry is to compare the 
performance of plants based on PLF only. This approach only provides information 
about that parameter remaining silent about other parameters. Attempts have been 
made to evaluate the overall performance of plants by aggregating through a weight 
vector which again suffers from subjective bias associated with selection of weights. 
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It is observed that there is substantial gap in the performance of thermal power plants. 
Bridging the performance gap has the potential to make available more, reliable and 
cheaper power. Several attempts have been made by industry bodies, Govt. of India 
and regulators to encourage performance improvement through awards, incentives 
and disincentives. Benchmarking is recognized as a tool for performance 
improvement. Average method is adopted for target setting in which performance 
targets for the underperforming plants is set to industry averages. 
7.1.1 	Performance Trend 
Improved operation and maintenance practices have reduced the planned maintenance 
and forced outage durations from 24.19% (FY85) to 7.71% (FY08) respectively 
resulting in higher plant availability from 64.68% (FY84) to 84.76% (FY08) leading 
to increased plant load factor from 46.07% (FY84) to 78.75% (FY08). 
It is found that average availability level during different months is not uniform. 
Availability is highest during March and lowest during August with a gap of 8.4%. 
Maintenance activities are not planned uniformly round the year. While more 
maintenance activities are planned during August; less during March and the gap 
being 7.78%. The planned maintenance duration is not uniform for different 
operators. Dahanu plant of REL has lowest PM durations. 
Generation loss due to forced outage even though have reduced over the years, still 
remains a cause of concern. During FY04 and FY08, even though a number of units 
have been added, there has been a decline in the number of outages (from 8400 
outages to 6600). During a year about 7000 outages are observed causing generation 
loss to the tune of about 50 BU amounting to 65% of energy shortage. An outage 
causes average generation loss of 6.72 MU. However the generation loss per outage 
has increased over the years (5.78 MU to 7.34 MU). Outages due to boiler not only 
cause maximum outages but also cause highest loss of generation. Single boiler 
outage caused average loss of generation to the tune of 6.03 MU during FY08. In 
boiler outage category, Water wall failure causes maximum outages and generation 
loss. 
During FY04 and FY08, both the 250 MW and 500 MW groups of units have 
recorded no outage on account of AVR Problem, Explosion, Generator Winding 
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Temperature High, Commissioning Period, Cooling Tower, DM Water Problem, Poor 
Coal Quality, Condenser, Curtis Wheel Pressure High and BFP Motor. 
The 250 MW group of units have not recorded any unit outage on account of 
Hydrogen System, Other Boiler Problems, Miscellaneous Fire Problems, Stator 
Cooling Water Resistivity, Ash Handling System, Breaker / isolator, Feeding Trouble, 
HT / LT Motors, Raw Water Problems, Wet Coal, Control Valve, Rotor BIade Failure 
/ Fouling, Turbovisory System, Condensate Pump and De-aerator problems which are 
being experienced by 500 MW units. Operation and Maintenance practices of 250 
MW group of units can be emulated by 500 MW units to reduce forced outages due to 
these causes. 
Variation of forced outage durations in different months is not significant. 
7.1.2 	Performance Evaluation 
The study revealed that all the power plants are not operating attheir optimum level 
and there is substantial scope for improvement. Average technical efficiency by 
taking constant return to scale (CRS) assumptions is found to vary between 40% and 
100% with mean value of 80%. By taking scales of operation into account, this varies 
between 51% and 100% with average value of 83%. 
With performance improvement, power generation from 60 GW of installed capacity 
could be achieved from 49 GW; reduction of coal consumption by 46 million tones 
and auxiliary power consumption by 7.2 BU; reduction of PM durations from 7.5% to 
3.9% and FO durations from 9% to about 1.8%. 
Out of the 74 plants, 16 plants occupy the efficiency frontier and considered to be 
sources of best practices for other plants. Dahanu plant (mostly during FY07) is 
frequently referred by other plants as peer. 
The study revealed that the technical efficiencies of the plants vary with the age and 
capacity of the units. However no interaction is observed between them. Newer plants 
are more technically efficient. Plants having average unit size of 500MW and 250MW 
are technically most efficient. 
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It is found that the technical efficiencies of the plants vary across different 
geographical regions; plants in Southern Region perform better in comparison to 
those in Northern Region and Eastern Region by 8.4% and 7.1% respectively. 
Technical efficiencies of the plants vary across different management structures. 
Technical efficiencies of plants in Private Sector are more compared to those in 
Central and State Sector by 5.4% and 14.32% 
7.1.3 	Productivity Change 
It is found that during the period of study, FY04 to FY08 the power plants recorded 
annual productivity growth of 1.2% of which 0.9% was due to efficiency change 
indicating catch-up and 0.2% due to technical change indicating technical innovation. 
Efficiency change of 0.9% when further decomposed indicate 0.7% of pure efficiency 
change and 0.2% scale efficiency change. 
While plants in Eastern, Southern and Northern Region witnessed annual productivity 
growth of 2.2%, 2.0% and 1.3%, plants in Western Region recorded negative growth 
of 0.04%. 
Plants in State and Central Sector which are found to be less technically efficient 
compared to those in Private Sector, registered productivity growth of 0.4% and 4.2% 
respectively. 
While 42 plants recorded productivity growth during FY04 to FY08, 12 plants 
recorded all round growth in pure efficiency, scale efficiency and technical change. 
Six of these plants are located in Eastern Region, four in Northern Region and one 
each in Western and Southern Region. Seven of these 12 plants are managed in 
Central Sector followed by four in State Sector and one in Private Sector. 
7.2 Policy Implications and Recommendations 
The study attempted to apply mathematical modeling to address the challenges being 
faced in the performance evaluation of Indian coal fired thermal power plants which 
shoulder a great responsibility in powering socio economic growth incorporating 
multiple decision variables and using state of the art performance evaluation 
techniques. As the study is based on actual industry performance, the results are likely 
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to be more convincing and acceptable which can be applied for actual performance 
improvement of the power plants through SMART target setting and benchmarking. 
In spite of the importance of the power generation segment for the socio economic 
growth and substantial scope for performance improvement, limited research is being 
undertaken by the academia and industry to guide managerial intervention for 
performance improvement. More research should be directed to address the issues 
being faced by the sector e.g. techno managerial research directed towards eradicating 
forced outages caused due to water wall failure alone has the potential of mitigating 
about 10% power shortage in the country. 
About 30% of FO (during FY07 and FY08) is attributable to miscellaneous electrical 
and mechanical problems, which seems too high a figure to be put under 
miscellaneous category. Outage causes under this category should be re-defined and 
tagged appropriately to facilitate managerial intervention for reducing their impact. 
In view of the existence of performance gaps across different categorical factors like 
geographical regions, sectors, capacity groups etc. policy makers could think of 
identifying and diffuse best practices across these segments. 
Case studies compiled from different countries have indicated that while some 
technology enhancements and equipment upgrades will be required for performance 
improvement, a large chunk of benefits can be reaped from addressing managerial 
issues like human factor issues and power plant management. Managerial 
interventions like improved maintenance practices, manpower planning, training of 
engineers, installation of on-line monitoring systems, updating of auto controls and 
instrumentation, total audit of plant functions covering management issues, delegation 
of powers and inventory management are important to improve the plant performance. 
PIE exercise has demonstrated the impact of managerial intervention and resulted in 
additional generation from existing infrastructure. It is strongly recommended that 
the potential gains of performance improvement needs to be harvested by establishing 
an institutional framework involving manufacturers, operators and academics, 
Accurate performance data is not available. Even though plenty of data and 
information is being published by power generators, regulators, planners and industry 
bodies on power sector, these are in unstructured format and require lot of effort to 
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put together for making a meaningful analysis and appropriate decision resulting in 
data inconsistency like: 
a Different sections of Thermal Performance Review use different names 
for same plant. 
• Carbon baseline database considers NTPC in State Sector for 
Faridabad and TNEB in Private Sector for NEYVELI TPS(Z) 250 MW 
unit. THDC is categorised in CENTRAL sector against other operators 
in CENTER. 
In the initial years, CERC also found it difficult to get accurate and meaningful 
operational data from generators. Power sector planners and industry bodies may think 
of maintaining a database on the line of global databases like KISSY, PRIS, GADS, 
PGP Database, etc. and encourage research in this field to transform the unstructured 
data to actionable intelligence. 
The coal fired power plants which cater to bulk of the power requirement in the 
country are constrained on two aspects a) acute coal shortage and b) difficulties in 
power evacuation. In a hypothetical situation where managerial intervention succeeds 
in eliminating, FO, reducing PM and exhausting capacity slacks they could not 
generate more electricity because of increased coal requirement which is already in 
short supply. In view of the fact that operating station heat rate in many regions are 
much higher than the acceptable 10% limit, decision makers of the power plants could 
contribute their bit by reducing the coal slacks which would go a long way in 
optimally utilizing the scarce natural resource to meet the power demands without 
putting additional burden on the environment. Even then the power plants could not 
operate at their full potential because of power evacuation constraints which also 
needs to be addressed on priority. It is thus suggested that rather than focusing on 
capacity addition or efficiency improvement in piecemeal manner, integrated planning 
involving assured fuel supply to smooth power evacuation, is required for the sector. 
The study attempted to explore the dynamics of productivity of the coal fired plants 
and identify the contribution of catch-up and innovation. Understanding the dynamics 
of productivity of the electricity sector will help the policy makers identify the causes 
and sources behind inefficiency in the past and under a set of timely and wise policies, 
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have the potential to result in a more productive electricity industry in future, which in 
turn may boost economic growth at large and enhance people's social well being. 
7.3 Limitations of the Study 
Coal fired power plants are considered in the study. Thermal plants fuelled by gas, 
naptha, diesel, lignite are not considered in the study due to reasons discussed at § 4.3. 
The study considered all the coal fired power plants which generated some amount of 
electricity. Plants which did not generate any electricity during the year are not 
considered for obvious reasons. Individual plants are considered as DMUs for the 
purpose of performance evaluation. Consideration of units, operators, and states as 
DMUs may lead to different result. 
Performance of power plants has a number of dimensions like Operational 
Performance, Financial Health, Costs, Safety, Reliability, Asset Utilisation, 
Innovation, Environmental Friendliness, Social Responsibility etc. The study 
attempted to model the operational dimension and impact of categorical variables like 
geographical regions, sector, average age and unit capacity. With the inclusion of 
other dimensions, the results may vary. 
In absence of operating station heat rate and actual expenditure, the proxies in the 
form of specific coal consumption and generation loss due to planned maintenance 
and forced outage are considered. In the event of availability of actual data which the 
model considered in the study can account for, the results may vary. 
7.4 Scope for Future Research 
Studies can be undertaken for the performance evaluation at unit level, operator level 
etc. The study can be extended to explore the determinants of efficient plants across 
different categories like regions, sectors, capacities, age etc. 
The study can be augmented by incorporating other dimensions like financial health, 
costs etc. Intra company studies can be undertaken including these dimensions and 
can be applied for target setting. 
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ANNEXURIW 
Summary of Average Performance Parameters, Technical and Scale Efficiencies and Ranks  
Plant '' 	Average Performance Parameters Average Efficiencies Average Productivity Change.  .Rank 
No Name PLF Capacity PM FO. SCC APC TE TEt' SE 'EFFCH TECHCH PECH SECH TFPCH a m TEci  TES SE 
l Amarkantak 31.86 50 3.67 35.01 0.87 14.00 0.607 1,000 0.607 1.020 0.995 1,000 1.020 1.015 56,6 69 1 74 
2 Amarkantak Ext 47.91 240 8.27 11.83 0.87 11.55 0,631 0,646 0.978 1.026 0.980 1,028 0.998 1.006 59.2 66 68 41 
3 Anpara 82.38 1630 4.10 7.07 071 8.83 0.822 0.874 0.940 0.990100! 0.972 1.019 0.991 28,6 35 29 67 
4 Badarpur 86.04 705 5,14 3.45 0.70 9.44 0.845 0.856 0.987 0.988 1.003 0.984 1.004 0.991 26.4 30 33 32 
5 Bakreswar 82.76 630 4.28 3.58 0.57 8.25 0.940 0.955 0.984 1,000 0.992 0,998 1.002 0.992 16,6 12 15 37 
6 Bandel 44,49 450 4.71 29.27 0.61 9.29 0.847 0.852 0.994 1,032 0.998 1.029 1.03 1.030 38.2 29 35 20 
7 Barauni 5.22 310 51,67 33.90 1,12 13.30 0,525 0,823 0.653 1.048 0.977 1.061 0.988 1,024 72.8 74 40 73 
8 Bhatinda 62.87 440 17.34 9,20 0.73 10,29 0.736 0,739 0.996 1.022 0,992 1.018 1.004 1,014 53.6 55 59 16 
9 Bhusawal 77.91 475 7,09 6.75 0.74 9.58 0.773 0.778 0.994 0.987 0.999 0.987 1,000 0.985 41.6 48 51 22 
10 Bokaro B 54.56 630 5.92 21.71 0,78 10.61 0.695 0.698 0.996 1.016 1,001 1.015 1.001 1.017 52.2 61 64 15 
11 Bud ebud a 93,21 500 1.83 2.76 0.58 8.66 0.949 0.949 1.000 1,035 1,005 1.029 1.006 1.040 8.6 7 17 1 
12 Chandra ur SIPS 7319 2340 8.80 8,45 0.77 8.02 0.803 0,823 0.977 0.998 1.003 0.947 1,054 1,000 42.8 41 41 42 
13 'Chandra ur TPS 29.62 750 6.32 51.26 0.77 9.96 0,728 0.732 0.995 1.057 0.993 1.055 1.002 1,050 56 57 61 19 
14 Dadri 92.49 840 4.37 0.79 0.64 7.56 0.942 0.948 0.994 1,034 1.077 1.033 1.001 1.114 8 10 18 23 
15 Dahanu 100.74 500 1.92 1.16 0,56 8.02 0.999 0.999 1,000 1.000 0,830 1.000 1.000 0.830 4 I 3 1 
16 DPL 54.25 395 3.99 25.09 0.83 9.78 0.701 0.709 0.989 1,002 0.966 0,999 1.003 0,968 46.6 60 63 30 
17 our a ur 57.15 350 7.60 16.97 0.68 10.22 0.768 0,772 0.995 1.034 0,983 1.031 1.004 1,017 49.4 51 54 18 
18 Ennore 33.17 450 15.17 37.46 0.94 11.36 0,606 0.621 0.975 1.015 0.981 1.016 0.999 0.996 68.4 70 71 43 
19 Farakka 76.60 1600 7,20 6.39 0.87 7.55 0,800 0.801 0.999 1.063 1.010 1,043 1.020 1,074 38.4 43 47 3 
20 Faridabad 49.81 180 6.37 21.93 1.03 12.80 0.553 0.582 
zl 
 0.949 0.955 0.972 0.969 0.985 0.928 61 72 73 62
Gandhinagar 62,78 702 7.97 7.27 0.64 10.51 0.780 0.795 0.982 0.980 0.990 0.981 0.999 0.970 44.4 44 48 38 
22 Hardua an' 21.35 361 38,14 26.42 1.04 13.51 0.532 0.558 0.953 1.041 0.977 1.043 0.997 1.017 71.2 73 74 60 
3 1.P.Station 	' 42.89 248 9.05 19.34 0.91 12.23 0,612 0.633 0,970 0.987 0,978 0,988 0.998 0.965 64.6 68 70 45 
Sununaiy of Average Performance Parameters, Technical and Scale Efficiencies and Ranks . 
Plant Average Performance Parameters : Average Efficiencies '' `.Average Productivity Change ''Rank - 
No Name PL F 'Capacity .PM FO SC APC TEc .s TEvp,.s SE ° EFFCH TECHCII PECH SECH TFPCH - Avg 	' Param~ 
TEc s , TEvs SE , 
24 lB Valley 85.42 420 6.33 2.42 0.85 9.85 0.839 0.843 0.996 '0.992 1.003 0,991 1.001 0.995 35 31 37 13 
25 Kahalgaon 82.73 940 5,67 5,48 0.87 8.63 0.832 0,843 0,987 0,970 1.003. 0.976 0.993 0.973 34 33 36 33 
26 Khaparhkeda 83.79 840 7.13 3.57 0.77 8.92 0,831 0.841 0.988 1.003 1,008 1.004 1.000 1.011 34.2 34 38 31 
27 Kola hat 67.53 1260 6.35 6.93 0.74 10.49 0.721 0762 0.948 1.021 1.001 1.018 1.003 1,022 45.6 58 57 63 
28 Koradi 68.31 1040 8.43 9,49 0.79 9,85 0,720 0724 0.995 0.991 1.005 0.982 1.009 0.996 51.6 59 62 17 
29 Korba 111 64.95 240 17.31 7.52 0.88 8.79 0.748 0,782 0.957 1,083 1.016 1.088 0.995 1.100 50.8 53 50 58 
30 Korba SIPS 90.81 2100 5.95 3.15 0.72 6,86 0.950 0.977 0.972 1,026 1.043 1.000 1.026 1.070 18.8 6 8 44 
31 Korba West 78.28 840 6,09 7.12 0.76 9.37 0.779 0,785 0,993 1.017 1.002 1.015 1.003 1.020 39.2 45 49 24 
32 Kota 88,16 1045 6,56 4,12 0.67 931 0.866 0.906 0.955 1.017 1.002 I.007 1,010 1,019 28.6 22 25 59 
33 Kotha udem 84.18 1170 6,64 6.47 0.73 9.01 0.835 0.861 0.969 1.018 1.005 1.008 1.010 1,023 34.6 32 31 48 
34 Lehra Mohabbat 91.15 420 5.63 1.42 0.59 8.68 0.906 0,909 0.997 0.996 1.009 0.995 1.001 1.005 12.2 17 24 10 
35 Me'ia 79.87 806 5,98 8.54 0.65 9.55 0.815 0,862 0.948 1.043 0.990 1061 0.984 1.033 34.4 37 30 63 
36 Mettur 90.79 840 4.54 2.98 0.69 7.98 0.908 0,921 0,986 0.976 1.019 0982 0,994 0.995 15 16 21 35 
37 Nasik 75.35 880 7,58 7.35 0.68 9.16 0.812 0.828 0.981 0.997 1.018 0.986 1.010 1.015 40.2 38 39 39 
38 New Cossipore 37.16 130 3.52 27,58 0.90 9.64 0.690 0.817 0.845 0,985 1,000 0980 1.005 0.985 49.8 62 43 71 
39 North Chennai 78.88 630 9.15 8.25 0.67 9.13 0.818 0.819 0.998 1.029 1.011 1,031 0.998 1.040 40 36 42 9 
40 Obra 43.08 1322 20.99 14.44 0.89 10.60 0.647 0,648 0.998 1.003 0,977 0.988 1.016 11981 63.6 64 67 6 
41 Panipat 76.75 1160 5.80 10.80 0.72 9.74 0.777 0.808 0.963 1.011 1.011 1.018 0.993 1.022 40.6 46 44 53 
42 Panki 51.09 210 13.23 13.98 0.91 10.86 0.639 0.674 0.952 1,015 0.984 1.016 0.998 0,998 62.2 65 66 61 
43 Paras 78.82 63 5.90 2.90 ON 10.22 0.804 0.963 0.834 0,962 1.030 0,989 0.973 0.991 37.6 40 12 72 
44 Paricha 45.44 388 12.87 21.39 0.87 12.09 0.630 0,637 0.989 1.054 0.974 1.054 1,000 1.027 63.2 67 69 29 
45 Parli 76.61 678 8.53 7.24 0.74 9.68 0.774 0.776 0.996 0.979 0.995 0.975 1.005 0,974 -46 47 52 12 
46 Patratu 11,22 770 48.89 28.97 0.96 12.46 11576 0.600 0.961 1.023 0,977 1.026 0.997 1.000 70.6 71 72 55 
47 Raichur 83.35 1470 5.13 6.65 0.66 8.61 0.853 0,918 0,930 0.976 1,018 0.966 1.011 0,994 24 27 23 68 
48 Ra' hat 59.97 135 8.39 15.74 0.83 12,47 0.658 0,684 0962 1.059 1.009 1.107 0.957 L069 59 63 65 54 
49 Rama undam B 80,19 63 7.57 5.59 0.69 9,40 0.861 0.981 11877 1.000 1,096 1.000 1.000 1,096 36,8 23 7 70 
xiv 
Slimmaly of Average Performance Parameters, Technical and Scale Efficiencies andRanks 
Plant Average Performance Parameters ' 	' , Average Efficiencies Average Productivity, Change Rank 
No Name 	~ ~ PLF, Capacity PM FO SCC APC , TEcas TES °SE , EFFCH TECHCH PECH SECH TFPCH Pmv TEcas TEy SE 
50 
Ramagundam 
STPS 
8887 2400 6.79 2.10 0,62 7,03 0.966 0.997 0.969 1,032 1,019 1,000 1,032 1,051 15 2 3 5 47 
51 Ra alseema 84.10 462 6.34 5.32 0.67 9.75 0.858 0.860 0.998 0.972 1.018 0,973 0.999 0,990 32.2 25 32 7 
52 Rihand 90.85 1600 4.90 3.39 0.62 7,27 0.946 0.985 0.960 -1.008 1.014 1,000 1.008 1.022 11.6 8 6 56 
53 Roar 84.09 1260 6.32 6.67 0.67 8.38 0,860 0.898 0.958 0.992 1.015 1.005 0.987 1,007 27 24 26 57 
54 Sabarinati 93.08 330 5.80 1.64 0.52 9.00 0.965 0.968 0.998 1.000 0.994 1,000 1.000 0.994 12.6 4 10 8 
55 Sanjay Gandhi 69.76 940 7.56 7.59 0.75 9.93 0.729 0.736 0.990 1,021 0.985 1.029 0.993 1.006 47.6 56 60 27 
56 Santaldih 32.38 480 6.81 34.66 0.71 10.46 0.757 0.766 0.990 0.986 0,978 0,987 0.999 0.964 55.2 52 56 28 
57 Satpura 75.63 1143 7,16 5,23 0.88 8.63 0.770 0.771 0.998 0,983 1.011 0.982 1.001 0.994 41.4 50 55 5 
58 Sikka 65.26 240 6.27 12.65 0.67 10.52 0.771 0.776 0.994 0.962 0.996 0.958 1.003 0.958 43.2 49 53 21 
59 Simhadri 89.94 1000 5,08 3.21 0.69 6.36 0.961 0.968 0.993 1,015 1,034 0.999 1.016 1.050 15.2 5 10 24 
60 Singrauli 88,66 2000 7,56 3.42 0.65 7.21 0.922 0.957 0.964 0.983 1,033 0.989 0.994 1.015 21.2 13 14 52 
61 South Gen 85,39 135 2,19 3.70 0.68 8.51 0.890 0.918 0.968 1.038 1.079 1,050 0.989 1,120 19,2 18 22 50 
62 Suratgarh 88.71 1250 4.58 4.73 0.62 9.17 0.884 0.973 0,908 1,012 1.000 0.992 1.020 1,012 20 19 9 69 
63 Talcher Kaniha 85.79 2600 5.57 4,55 0.71 6.55 0.942 0.959 0,981 1.051 1.050 1.026 1.025 1.103 21.4 11 13 40 
64 Talcher Thermal 80.68 460 10.58 3.61 0.81 10.03 0.806 0.808 0.997 1.053 1.003 1.051 1,002 1.056 45,4 39 46 11 
65 Tanda 86.12 440 8.17 2.51 0.78 10.96 0.850 0.854 0.996 1.047 1.003 1.045 1.002 1.050 39.8 28 34 13 
66 Tenughat 47.29 420 21.53 21.05 0.68 13.13 0,738 0,739 0,999 1,050 0.987 1.061 0.989 1,036 57.8 54 58 3 
67 Tita arh 86,82 240 2.66 2.99 0.63 8.20 0.922 0,935 0,986 0.983 1.005 985098 0988 12.8 14 19 36 
68 TORR Power AEC 90.61 60 3.73 2.77 0.52 9.15 0.969 1.000 0,969 1.000 1.010 1.000 1,000 1.010 12,4 2 1 49 
69 Tuticorin 86.85 1050 5.95 4.71 0.72 7.99 0.874 0.886 0,986 0.977 1.021 0.983 0.995 0.998 25 21 27 34 
70 Ukai 66.93 850 9.67 11.93 0.70 8,85 0.802 0.808 0.991 0.986 0.983 0,979 1.007 0.969 45.2 42 45 26 
71 Unchahar 93.70 924 4.57 1.67 0.67 8.44 0.921 0,952 0.967 1.027 1.008 1.022 1.005 1.035 11.4 15 16 51 
72 Vi a 	ads 89.58 1260 5.27 1.78 0.71 9..19 0.880 0.931 0.946 0,987 1,003 0.976 1.011 0.990 21.6 20 20 66 
73 Vindh achal 90.05 2560 7.15 1.98 0.63 7.12 0.944 0,998 0.946 1.030 1.014 1.000 '1.030 1.044 16.2 9 4 65 
74 Wanakbori 82.79 1302 5.74 6.17 0,69 8,16 0.854 0.881 0.970 0,957 1,030 0,968 0,989 .0.986 26.4 26 28 46 
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